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CHAITKl; I 


(iENKRAI- NATIIIU-; OK INDUCTION 

1. The Problem of Induction. — The syllogism is no 
l>etter than a hy])()lhetieal judgment, heeause the con- 
i.-lusion is true only if the })remisses are trued The 
problem remains: how do we esta])Iish the premisses 
themselves? All syllogistie reasoning is the ap])lication 
of a generalisation, a law, a ]>ri!iei[)le, to paiticular facts 
and cases; hence, we have now to examine the ground 
on which generalisations are has(*d. 

The primary source of all our knowledge is experience ; 
but obviously it gives us knowledge of ])articular facts 
only, not of general princi])les. For instance, exi)erience 
teaches us that men died in the past, that they die at 
present, hut it cannot justify our belief in the mortality 
of all men, including those yet to be horn. Again, even 
without examining all ])eacocks we conlidently assert that 
they are blue. We examine only one triangle and 
generalise that the sum of the three angles of any 
triangle is equal to two right angles. The problem of 
Induction is to find out the justification for taking this 
leap towards generalisation from only one or few 
observed cases, to examine tlie grounds on which we 
base inferences of universal laws from particular facts. 

*cf The author’s Elemeins of Deductive Louie, Calcutta. 1918. 
Book Jll, ch 4. 
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How do we arrive at iiiiiveiFal piopositions, wliicli. 
experience is incapaMe of }ieMiii<; ? Tliis is llie ques\ioh 
that states the ])r(>hleni of Jiuhictiond 

2 . The Meaning of Induction. — If Indnction aims at 
the (liscoveiy of inii\etsal laws wliich ex]>ress the 
essential nature of pin noinena, it must bo leij^arded as 
the most adequate and noeessaiy inslrinnent for tlie 
advancement of Science. I^'or tliat leason Jndiictive 
Looic is also hnown as the Lo^ic of Science. Science seeks 
to understand nature and to conti’ol it hy the ])ower 
of knowledge. Such knowledge is only ])f>ssihl(‘ by 
strict loyaltv to facts : hence scientitic tlioiight is always 
controlled by The progress of science is eflected 

by an appeal to facets at ev(uy stage.^ Science always 
aims at the formulation of most general hypotheses, 
whicl), duly verified, become universal ])rinciples. 

The term ‘ Induction ’ eoveis the whole ]»rocess of 
scientific ex})lanation, which means that it involves 
Deduction as well.^ But sometimes it is used in a more 
restricted sense, the ohs(uvation of facts and the 

formulation of a hypothesis. We consider such restric- 
tion to be more or less arhitraiy, since it assumes that 
Induction and Deduction are always to lie kept apart — 

^ “ Why is a sinjrle instance, in some cases, sufficient for a 
complete induction, while in ot tiers myriads of concurrimr instances, 
without a sinpfle exception, known or ]>resnmed, go .‘•uch a very 
little way towards establishing an universal proposition ? Whoever 
can answer this question know.s more of the philosophy of logic 
than the wisest of the ancients, and has solved the problem of 
Induction — Mill, I IT, iii 3. 

^“Thc triumphs of science have been due to an insistence on 
farfK The victories have been won bv turning away from vagr.e 
armchair speculation, and bv eracf ohfierrctflon of what actually 
occurs. The result of t hi > laboratory method is that the scientist 
now speaks with unparalleled authority,”— a ReVujioii 
of liondon, 10' ‘8. p. 21. 

* Vide ch. VII iofra. 
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aij a^umption which falls sliort bf truth. Induction and 
Deduction are to us only aspects or stagog of one and the 
same process. 

Aristotle derines Induction as the process of ‘ estah- 
lishing a general proposition hy appeal to the paiticnlar 
instances in which its truth is shown llie doctrine of 
Induction was, however, not worked out in any detail 
either in Traditional or in Scholastic Logic. Although 
Roger Bacon (1214 — 121/4) had insisted on testing tlie 
value of theories by reference to concrete facts and had 
spoken of man as the interpreter of nalure, the ciedit of 
founding Induction is usually given to Fiancis Bacon, 
Lord Verulam (1501 — 1G2()), who elaborated the 
Inductive method for the int(u-pr(‘tation of nature. He 
viewed Induction as the disco\(‘ry of ‘‘forms’’ (Lr., the 
essence) of things. After him, tl. S. Mill ( I 80(3 — 1 872) 
defined Imbiction as the process of discovering and 
proving general pr<»[)ositions. lie considere<l all inference 
as inductiv(‘, and a procednuj from iIhj knowm to the 
unknown. Bain delines Induction as the ai riving at 
general pro[)osition, by means of Observalion or Fact. 
Venn regards it as the objective connterj/art or founda- 
tion of infen ibilily. A<‘Coiding to devons, Induction is 
essentially enumerative : ‘ Berfect’ Induction — “in which 
all the objects or events wdiich can possibly come under 
the class treated have been examined — gives us cei tainty, 
while ‘ Iniperf(‘ct ’ Induction cannot take us beyond 
probability. In inductive reasoning, as in the deductive, 
the conclusion never ])asses Ixivond the premisses. 
Sigwart^ speaks of Induction as the inversion of the 
syllogism, and BosaiKjueL^ defines it as ‘ the reference 
to reality of a system or the ground of particular 

*cf. Sisrwart, Loffik, IT. 401. 

®cf. Bosanquet, Logic, 179, 43 ff. 
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(Utferences within it by which reality is taken as 
qualified.’ Wundt considers the eleujentary logical 
form of Induction as a syllogistic argument in the d'hird 
I' igure ( V erbiniUnt(jiii>c]il ass), 

3. Relation between Induction and Deduction, — Wc 
have s|>oken of Induction and Dedu(jti«)n as two dspect^s 
of tlie same [»rocess. Th(‘y are distinctions within 
unity, inomeiits of the satne process. Deduction cannot 
proceed without a generalisation in the form of the 
uiujor premiss, and such generalisation can only be 
arri\ed at by means of induction. On the other hand, 
indiKition also in\olves deduction, without wliich it 
eatinot couiplete itself. Hence such like statements as 
Inference is essentially deductive’ (Hamilton), 

‘ Inference 'is at bottom inductive’ (Mill) ei‘r in being 
one-sided, and do not state the whole truth, 'bbe fact 
is that inferencH^ is a (5om))hix ])ro(!ess invohing both 
induction and deduction ; neither is bcss important than 
the other. A rigid S(q)aration b(‘tw('en the two is 
iinpossible. Ke(q)ing this in mind, we may still 
distinguish the two aspects of the inferential process. 

It is usual to distinguish Induction and Deduction as 
converse processes. Thus it is said that Induction proceeds 
from the particular to the more general, and Deduction 
from the general to the more particular. In the foimer 
we attempt to e.x[)lain particular facts by discovering 
their interconnexion and state it in the form of a 
general law ; in the latter we start with a general law 
and apply it to particular cases, thereby proving the 
existence of a certain attribute in a particular subject, 
Induction proceeds from facts to reasons that explain 
those facts. Deduction proceeds from conditions to their 
consequences. The former is essentially an instrument 
of discovery and explaimtion, the latter of verification 
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i\d\d proof. Induction reduces multiplicity to the unity 
of a law ; it finds unity and nniforniity within di\eisity ; 
It seeks the one in the many; it atlemj)ls to cuganise 
tlie vast mass of details and facts into an ordeied and 
systematic whole. Deduction, on the other hand, tests 
the validity of a univeisal }>rin(U})le or a general law; it 
proves the truth of a law hy its ajiplication to fresh 
('as(?s : it (hnnonstrates a tiuth hy a})])lNing it to particular 
relevant fa(ds : it traces tlie consecpuuices of a eeitain 
('ondition assumed to he true. Loth these process('S aie 
mutually supplementary.^ 

Th(^ follow ing Tal)le summarises the (diaracteristies of 
1 nduction and 1 Hahu'tion : — 


Induction. 

Deduction. 

i 

1. rmr^plr : ' Wind is ti uc 

1 1. ‘ \\diat is tiue 

of each is true of all.’ 

of all IS tiue of cacli.” 

'1 I'rocoeds from part to 

Proceeds fiom whole to 

whole. 

part. 

Inference viewed from the 

Tnfeienco \ iewed from 

side of differences. 

the Hide of the Uni\ersal 

4. Starts with individuals 

4. Starts with nni\ersal laws 

and ascends to nnivcisal laws. 

and descends to individuals. 

b. Lx])enence the starting- 

5. Independent of Exj'.eri- 

point. 

encc. 

(). Proceeds from facts to 

(). Proceeds from reasons 

reasons. 

to their conseiiuciices. 

7. Aims at tmth. 

7. Aims at rniidlty. 

8. (ioa! : C’ausal explanation 

8. (joal : Application of u 

of phenomena. 

universal principle to facts. 


* cf . wliat Itielil sa>H on Induction: ‘ No Induction is pos‘«iblc 
without Deduction. Induction i- a hypothetical Deduction, a con- 
jecture by means of a Deductive hyilogism.’ Also cf. ‘The 
distinction between Induction and other forms of Infer eiice, 
erroneously described as the distinction between Induction and 
Deduction, is chiefly a distinction of ayperfx^ Inigely based on a 
confused idea of J nduction, but yet in some degree justified.” — 
Bosanquet, Logic, II. 18. 
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Induction. 

Deduction. 

9. 

11 educes multi i licity to 

9. Troves the truth of a law 

the unity ol a law. 

by its appheatien to fresh cases. 

U). 

Ctiaracterised by novelty 

10. A ON city only p^ycho- 

in it> 

result. 

logical, not strictly logical. 

11. 

Instiument of (inicorern 

1 1. instrument of cenjicanon 
and 

12. 

First iiremiss a fact. 

12. Major premiss a prin- 
ciple 

13. 

Cojinla “ constitutes ” 

13. Copula i'i.” 

14. 

Coinnioiilv prior to and 

it. t sii ilL ]) 0 '-terior to ami 

independont ot Ikuluction 

tleiiemlent on Imluelion 


Thus wo sc‘o lliat altli()U<;li iiiforonce is a siiij^lc 
process, tlKMlistmctioii botwooii Iiicluctioii aiul l)(‘(luctioii 
is not absoluU'ly iiioaningloss. Losaiupiol lioMs that 
liKliictioii has haidly any claim lo he classed as a species 
of lijfereiiced Iloyce (Lhson too ohjd'cls to the use of 
the term “ liuhuttive Inference,” \\hich he l\\^ar^ls 
as a “ misnoim'i.” lUit if we ke('[) in \’iew the leal 
basis of <listinction iHUween Induction and l)ednction, no 
H‘asonabIe objection ccjuld be pi (‘hared against the tinie- 
honounal and familiar term. What may, with some 
justilication, be objectetl to, is the antitlu'sis often set n]) 
betw’eeii Inductive and Deductive Lo^ie. I )ediicti\ e Looic 
treats <:f se\'(?ral infei(‘nc(‘s which are inductive in the 
communly-acc(‘t)tcd sense, while Inductive Loyic proceeds 
on a method which cannot complete itself without the 
aid of d(‘.duction. Thus lnilucti\e and Deductive^ Logic 
aie not to be treated as two water-tight compiirtment^. 

* “ It has not for its difTerentia any ])eculiar nature in the 
imi\ersal which carries the conchl^ion. It is, conseciuently, like 
('omparison or Itecoj^nition, like Ohservation or Kxjieriment, a 
nuLsient and external characteristic of inference,”^]3osan(|uet. 
Logic, II. 176. 
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Lo"ic is one ; it treats of inference wliich involves both 
imrucfioii and dediicliou At the same lime, we must 
not foiget that for the sake of clearness Tliisiivdvms are 
often necessary althongli they must not l>e transformed 
into diri^ on^. We have ourselves divided our exposi- 
tion of logical piincii)h*s into two parts, and have named 
them in the usual way, without in any sense lec^ognising 
or impl\ing any antithesis hetwa'cn Inductive and 
Deductixe Logic. 

4. The Inductive Syllo£ism.— Aristotle understood hy 
Induction the process of estahlishing a univeisal propo- 
sition hy showdng em]>ii‘ically that it is true in each 
particular case rtdevant to th(5 impiiiy. This kind of 
Induclion — called Jknfect Induction (ride ch. II) — can 
he stated in the form of a syllogism : — 

Man, horse, ass ... are long-lived. 

Man, horse, ass ... are animals without bile. 

All animals without hile are long-lived.* 

If this syllogism is to h(‘ tine, its minor premiss 
must he convertihle “simjily ” ; it must (;om])i*ise all the 
particulars, l.e,, the niemh(us in the enumeration must be 
commensurate wdth the class. The inducti\e Syllogism 
may, thercfoie, be ex])re8sed in the following symbolic 
form : — 

5., 8o, S .5 are P, 

5., S_„ S,. alone are M, 

All M is P. 

Aristotle descriljes it as an argument ‘ by which we 
prove the major term to be true of the middle teim, by 
nfoans of the minor term’. If the conclusioji ‘All 
M is P ’ is taken for nothing more than an cnvmeratire 
judgment^ it will not serve as a true universal proposition 

* Aiistotle, All, Piior, 11. c. "lo. Also cf. Font, 11. c. 17. 
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which science requires. fulfil that ])iirpose it musi; 

show that there is a law of comicxion l)(‘tweeii M ifiid* P. 

Strictly spc/lkin:^^, the Inductive Syllogism, ihoiigh 
valid in the above sense violates the syllogi^cic nilesd 
since, in the ndnor premise, the co])nla is not “ are ” but 
“(constitute” or “make up” (which is the real meaning 
of “ are ” here). ^Vhile (\ich of the instances in the 
imijor premise is P, those of the minor premise con- 
stitute M (ill fo'icther. In this sense, tlum, is us(hI 
collectively in the minor premise and disiributively in 
tlie conclusion ; hence the conclusion ‘ All M is P ’ 
(cannot be valid. It is only valid if the enumerat-ion is 
(‘(•mphde ; thus : — 

VdJnl. Inralid. 

S,, S,, vSa are V. S,. S,, S, are P 

S,, Sj, S', aluiie are M. S|, So, Ss are all M. 

*. All M is P. All M is P. 

The vdli'l form of the Inductive Syllogism, as given 
above, may also serve as a symbolical expn^ssion of 
“ Perh^ct Induction ” ; and we may also not(^ in passing 
that it is just the inv(n*ted form of the Dediudive 
Syllogism : — 

Peyfert lu(iucii(ni : ((s Inductive Deduciive Sf/thK/inm. 

Sj)rinj^, Summer, Autumn and Thj four seasons make up a 
Winter make up a year. year. 

S]>rin< 4 :, Summer, Autumn and S))rin<?, Summer, Autumn and 
Winter are the four seasons. Winter are the four seasons. 

'The four seasons make up a S])rinf(, Summer, Autumn and 
year. Winter make up a year. 

So, too, the principle of Perfect Induction is just the 
reverse of the Diet am de omul ct nallo, and may be 
staled as : “ What is allirmed (or denied) of all tlfe 

‘ “ This argument violates the rules of the syllogism, and yet it 
is perfectly valid. The reason of this is that the rules of 
syllogism are not designed to meet the ca.se of a quantified predicate 
such as we have in the .second proposition.” — Stock, Logic^ p. 142. 
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l)gical parts, may be aflirmed (or denied) of the logical 
whole ” : or “ What is true of each is trm^of all 
5. Reduction of Inductive Syllogism to Deductive 
form. — x\ttempts have been made to exhibit the Induc- 
tive Syllogism into the Deduetise h)rm, but the trans- 
formation seems to be moie or less unnatural, since the 
true inductive chaiaeter of the argument still peisists. 
I'heie is an outward similarity to the deductive foim, 
but also an undei lying substantial dil'lerence^ — 

Whatever behjngs to each individual belongs to the 
whole class. 

Attracting iron Ix^Iongs to this, that, and the other 
magnet. 

Attracting irim belongs to all magnets. 

The following example given by Wliately shows how 
Induction can be forced into the Deductive form ; — 

Whatever belongs to the individuals we have 
examined, belongs (certainly or probably as 
the cas(‘ may be) to the class under which 
they came. 

Sheep, Ox, Deer, ani found to inminate, \vhilc they 
belong to the class of animals delicient in 
the npjier cutting te(‘lh. 

.'. All such animals are ruminant. 

The unnatuial and uncouth form of such arguments 
is obvious. AVIiately argued that — 

All Reasoning is Syllogistic. 

Imluction is a form of Reasoning. 

Induction is Syllogistic. 

Induction is Deductive. 

^ On this point read Karlslake, Aith 1o Ihe Slndy of Loyic, 
Oxford, IHal, pp. 92 ff. According/ to Aldrich, Induction is a 
Sylloj^ism in the first mood of the first Oeductive figure, of which 
the Minor is suppressed. 
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But, as a matter of fact, the Syllogism is not identical 
with Dtiducli^n. Besides, to say that all Beasoning 
is Syllogistic is to s.iy nothing: it is meie taut(dogy 
like ‘ All n^asoning is r(?asoiiing\ d'hus, we hold th;it all 
attemj)ts to force Induction into the I)(Mluctive form are 
))Oimd to he futih\ Wlnhi it is true that Induction and 
I)educti<m are only two as[)ects (jf the Iideiential ])iocess 
we must also ohs(*rve, whihi admitting their distinction, 
that the |ninci[)le of Induction is pi(‘ci8(dy the invei>e 
of that of 1 lediiction. 

6. The Method of Induction. — The analysis and in- 
estigation of piienoimma is conducted hy the method 
of Induction, which involv(‘s tin* following steps;-- 

(/) I*ei'(M‘ption of connexion hi*tw('('n ])h(moinena in 
sonu*. particidar case or cases. 

{ii) Eorncition of a Hypothesis as suggested hy such 
ohservat ion. 

{ill) Deduction of the consecpiences of this Hypothesis. 

i^iv) Testing of these cons(‘(pienc(‘s with reference to 
a caieful study of phenoimma, and the exact 
formulation of the h^])othesis, which, after 
vcritication, is accorded the dignity of a 
theoiy or law. 

DelMorgan describes this Method as followxs : — 

“ Modern discoveries have not been made liy lai-ge collec- 
tions of facts with subse(|uent discussion, se])aration, and 
resulting deduction of a truth tlius lendered peiceptible. 
A few facts have suggested an //?/po^Ar.s/.s', which means 
a suppositinn pro])er to explain them. The necessary 
results of this sujiposition aie worked out, and then, ai},d 
not till tlien, other facts are examined to see if these 
ulterior results are found in nature. The trial of the 
hypothesis is the specinl ohjert ; [irior to which hy)»otheses 
must have been started, not by rule, but by that 
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sagacity of which no description can be given, ]>iecisely 
f)Ocai^se the very owners of it do not act under laws 
perceplihhi to themselves. 'Hie inventoi*of liypolheses, 
if pressedi to explain his inethotl, must answer, as did 
Zerah C'oihurn, when asked for his mode of instantane- 
ous calculation. When tlu* poor hoy had b('en bothered 
for some time in tliis manncn*, lu^ (‘ri(‘d out in a hiiH’, 
‘ Ood put it into my head, and I can’t })ut it into yours.’ 
Wrong hy])()tlu\sos, rightly worked fiom, have jiroduced 
more useful r(‘sults th.in unguided i)bservataon.”^ 

7. Bacon’s Pure Inductive Method. — Ikicon and Ins 
followm’s adoptcvl, in (iondiuiting their investigation of 
Natun^ a imd-hod known as tlu^ Pure IndiuM-ive Method, 
It was a r(‘aeti<m against tlui a«ithority of dogma in the 
days of Scholasticism. Tin', tendency to allow facts to 
s])eak foi‘ tlumiselves siuwumI as the oiigin of this method, 
which aims at strict k'id(^litv to Fact by avoiding 
Ilypothicsis altog('ther. (’I’eighton d(\s(;ribes this method 
thus; — “ Ixnowledgi*, then, must Ix'gin with obsm-vation 
of })articular facts ; and oidy after we ha\(' made a great 
number of ])arti(Mdar ol»sei vat. ions, and have (‘arefully 
classilital and ariMUgial them, taking acaaiunt of all the 
negative cases, ai(i w’c able to discovm- in them the 
geiuM'al law. No hv])otlnrs(‘s or guess(^s aie to bi^ made ; 
but we must wciit until tln^ tabulations of th(‘, ])aitacular 
})henomena reweal tin' general ‘hum’ or ])iinci]>le which 
belongs to them all It is a laboiious method by 
which we kt^ej) on (;onipiling statistics till the general 
‘form’ is nnealed by itself. We aie not rcajuired to 
frame anv hvjiothesis, in ordt'i* to rc'main stri(*tly within 
tkli arena of facts. 

l>ut this comparatively primitive notion is rejected by 
* cf Bnfhjet of Par ^(hrx PH, p. 55. 

Creighton, An Int roductory Lotjic, New York, 1000, p- 29. 
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iiioderii logicians. Hypotheses is luiw lield as an 
absolutely necessary accessory to Induction. FKlehty 
to facts, though good in itself, is iu»t e\'(n'ytlimg “The 
mind cannot collect facts methodically unless it also 
s(de(Ts them.... It is not enough to he faithful to 
fact. Science must he faithful to ifs oirn facts, to the 
facts rdi'mnf to its own ideas. W’liat lndi*ction needs 
as Its guiding principle is not a vague Fidelity to Fact, 
hut Fidelity to Itelevant Fact.^ Thus, according to the 
modern conception of Induction, mere eni])iiu*al collefi- 
tion of facts is not enougli : the mind must know the 
purpose for winch the collection is made. Hence the 
use of Hypotliesis is indisjiensahlcc It is Hy])othe.sis 
whicli gives meaning to Fact. Hacon’s Fure Inductive 
Method is, therefore, not suitable for the progress of 
science, and is incom[)atihle with the most modern 
eouceiition of Induction, which makes Hypothesis a most 
indispensable step in the inductive^ jiiocess 

SUMMARY. 

All syllogistic reasoning is based on the assumption 
of the formal truth of the major jnemise. The Problem 
of Induction is to inquire how we ariive at the major 
piemi.ss; in other words, to find out the grounds of 
generalisation. Fxjieriencc can give us knowledge of 
the particular only. How, then, do we derive from it 
universal ])rinciples , how do we generalise from concrete 
facts? Tliat constitutes the Piohlem of Induction. 

Induction is the most ade<|nate and necessviiy in- 
strument of Science, wliich aims at the estahlishme^it 
of uni vers il l.iws. For tliat reason, Inductive Logic 
has also been called the Logic of Science. 

* W. R. B. Gibsou, The Problem of Loqic, London, 1008, 
p. 314. 
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To Aristotle Induction signified tlie establishing of a 
general proposition by showing that it is true in each 
particular case. The doctrine of hiiluctfon, though not 
unknown* to the ancient Greek or the inedueval 
scholastic logicians, has been elaborated only in modem 
tunes. Roger ikicou, and three centuries later Francis 
llacon, laid the foundations of the Iinluctive Alethod, but 
the doctrine did not receive very great impetus till the 
.ippe.irance of J. S Mill, who held all inference to be 
inductive, reasoning from particulars to particulars, 
from the known to the unknown. 

Induction is most intimately related to Deduction 
in fact, they are two a'<pfcfs of the inferential process. 
Induction by itself is never complete without deduction; 
while deduction starts with the generalisation which can 
only he reached through induction. Rut a useful dis- 
linctiou could be drawn between these two aspects, if w^e 
do not lose sight of their essential relation. (See )). 8). 

Aristotle liad attempted to bring Induction in the 
form of a syllogism, and defined Inductive Syllogism as 
an argument that proves the major term of the middle 
by means of the minor, thus — 

Sj, Sj, Sj. {minor) are S (major), 

^ 2 ' are INI (middle), 

All M is r. 

If we substitute “are all” in ]>lace of “alone are” 
the syllogism becomes inadmissible. The Inductive 
Syllogism in the form given above is the inverse of the 
Deductive Syllogism. Its transformation into the 
ileductive form is unnatural, since the inductive 
(Tliaracter survives the mere outward cliange. 

Tlie metho<l of Induction comprises the following 
steps: — (I) Observation of connexion between pheno- 
mena, (2) Formation of hypothesis, (3) Testing the 



14 


INDUCTIVE LOGIC 


hypothesis, (4) Verification and Explanation. Bacoi/s 
Pure Inductive Method ])ro])Osed to eliminate Hypotluisfs 
altoj^ether am^ to discover the geneial form by a 
methodical study of facts tli(‘mselv(‘s. Put ujevancy is 
very essential to science ; a mere collection of facts is 
useless ; hence the us(i of hy}>oth(^'^is cannot hut be 
admitted as absolutely neeessaiy, consequently Paeon’s 
Method must he nqected as unsound and erroneous. 


Questions ant> PIxeucises. 


1. Disti?igui.sb het\v(*en formal and maferial truth, 
Wliich of tin; two i.s aiin(‘d at in indnetioji I 

2. State the genei’al problem of Imluetion. 

d. Why has iiKluctive la)gi(j been called the “Ijogic of 
S(;ienee ”1 

4. Give Ajistotle's definition of Induction. Was the 
problem of induction disens.sed at any ](‘ngth by foi'inal 
logicians ? 

5. Discuss the relation between Induction and Deduction. 

d. In what sen.se is the inductive ])JOccss opposed to the 

doductiv el 

7. “ Induction is always a syllogism Is this a ti ne analysis 

of the process of i!iductiv(‘ reasoning'^ 

S. ‘‘Induction proceeds from facts to reasons; Deduction 
from conditions to consecpiences. ” Explain this statement. 

9. “Imluetion is a hv[)othet;cal deduction.” Ifow far 
does thi.s statc'ment explain the relation between Induction 
and Deduction? 

10. Indicate vciy briefly how Induction is never complete 
without Deduction, and how Deduction is ba.^cd on Induction. 

11. Explain : — “ In the actual conduct of scientific inquiry 
there is a constant alternation of the processes of induction 
and deduction.” 

12. Critically examine the following observations : — '• 

(/) “Induction i.s really the invcisc process of 
Deduction.” 

(;;) Induction and Iteduction arc continuous 
operations.'’ 
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{Hi) “The Third is distinctively the Inductive 
figure” 

13. What is common to the inductiv^f and deductive 
pr )cess(3s of reasoning '^ In what do they ditler ? 

II. CDiupare and dis(inss the views of Mill and Jevons 
reir.irdinic the natiu'c of Induction. 

15. Ciitii;iso the attempts to state inductive reasoning 
syllogistieally 1 

IG. Point out the futility of Whately’s attempt to force 
Induction into the Deduction form. 

17. Analyse the gemual Method of Induedion, and set 
down the various stages in tlui induetive process. 

IS. Ghara(;terise Hiin’s Ihire Inductive Method and point 
out its chief drawbacks. 

19. Critic. dlv (consider the various views that have been 
advanced resp(‘cting the logical form of IndiKition 

*20. “ What is true of each is true of all.’^ Estimate the 

value of this principle. 
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“ PERKI^CT ” AND “IMPERFECT’' INDUCTION 

I Perfect Induction. — An Induction is “ Perfect" ^ 
when all the instances covered hy a rule liave been 
examined and found true. This form of Induction 
exhausts all the possible cases, and therefore depends on a 
eomplete 'numeratioiK Thus, if there aie 100 students 
in my class, and none of them is able to answer a few 
simple (jiiestions in (ieoL,n-aphy, 1 am led to assert that 
my class is i^nioiant of Ceogiaphy. Again, when 1 see 
that each of the twelve months of the year contains 
more than 27 and less than 22 days, 1 may at once 
assert that all the montlis contain more than 27 and 
less than 22 days. Here the enumeration is complete, as 
all the possible instances have l)een examined before 
framing the rule. 

Many niodeni logicians (piestion the right of 
“ Peifect ” Induction to be classed as inference at all, 
since the conclusion, instead of being more general than 
the premises, merely sums up what is already stated in 
them. Tli(*y look upon it as Induction iinpropcrh/ so-called 
or apparent Induction. Others,^ however, hold that 
tlie true road to certainty lies in complete enumeration.^^ 

^‘‘Perfect” Induction is the only ‘formally valid’ Induction, 
according? to Aristotle, while according to Mill it has no right to 
be classed under Induction at all, since it fails to lead us on to the 
unknown. 

^ e g. Jevons cf. his Pri/iciplo* of Srietire, 2nd ed. I. pp. 146-152. 
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2. Imperfect Induction. — This type of Induction 
requires the exainiiuition of a few instances only. It 
rests on the assumption of similarity between tlie 
examinetl and the unexamined cases.^ Sometimes even 
a single case is enough to form the basis of such 
Induction. Ey an acute analysis vve understand its 
essential natuie and are led to assume similarity in like 
cases unexaniined by us. The superiority of the 
“Imperfect” over the “ Perfect” type of Induction lies 
in the fact that by the discovery of an inner connection 
between phenomena or the instances examined it does 
away with tlie necessity of examining (dl possible cases. 

Imperfect Induction may be subdivided into (/) 
Induction by Simple Examination {Inductio prr 
simpficevi enitmrrattonon) and (ii) Scientific Induction. 

3. Induction by Simple Enumeration. — Tiiis kind 

of induction consists in establishing a universal truth on 
the ground of enum(‘ration of instances, without 

any attempt to explain any causal connexion. We 
examine sev^eral cases, and linding that none of these 
contiadicts our hypothesis, we argue that what is true 
of these instances is also true universally. For example, 
I go to inspect a school, and ]>ut a few questions to 
some students indiscriminately : if the first four students 
answer correctly, 1 expect the fifth alst) to give me the 
correct answer. I infer that all boys of that class aie 
smart and intelligent. In the case of Perfect Induction, 
it was necessary to question wch ]>oy before drawing 

* imperfect Indurtioo merely unfolds the information 
uontaineti in past observation or events; it merely rendeis 
explicit what was implicit in previous experience, ft transmulns 
knowledt^e, but certainly does not create knowledge ” ^ibid I. 
168 Jf.) “In inductive, just as in dedmtive reasoningr, the 
conclusion never passes beyond the premisses.” (ibid T. 251), 

b 
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any conclusion al^oiit the whole class : it required 
comjdt'te eniCTiicratlon. Ihit liKliiction hy Si7ii])le Eiiuiiier- 
atiou didvrs from that hy C(>vq)ltlc Enumciation 
(“ l*(U'fect in that its conclusion is not a mere 
eonipendions statement of its [)r(‘niisst‘s hut is more 
’^enenil, referring to moie than what is covered hy the 
instances actually examined. Moreover, we make no 
attempt to sliow’ that the conclusion we have drawn 
from tlie instances examined is the only one which the 
facts in question allow; if we do so, it hecomes 
Scion titic Induction, of which we shall speak piesently. 

How do we arrive at the conclusion that ‘ All men 
are moital”? l>y sim 2 >k emihicndlan. The 

conclusion cannot he arrived at hy l^erfect Induction, 
since in this case complete ennmevdtioa is out of the 
question. We know some men who died and those who 
are dying; and tinding that our ex[)erience is not 
contradicted in these instances, we lise to the conclusion 
that ‘ u// meii^ (past, present and future) arc ‘mortal.’ 
Similarly, we nie(*t a few Frenchmen, find them very 
hospitable and amiahlc, and we infer that ‘All French- 
men are hospital )le and amiable.’ The leap fiom 
'some^ to 'air is based on our faith in the Uniformity 
of Nature, in the existence of universal relations and 
intei'connexions in Nature. The following are the steps 
usually taken in establishing a univeisal truth hy 
inductio per simplkem e')V())icmtionem : — 

(t) We observe that a few instances, viz. a, h, c, d, 
possess a common characteristic x. 

(it) But the instances in question belong to the 
class Z ; therefore, perhaps all instances 
belonging to the class Z possess the charac- 
teristic X. 
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(ill) We may verify tliis generalisation by applying 
it to otlier instances, a , h', c\ d' ^ 

which also belong to the ch)^ss Z. 

We dp not attempt at any coni^ddc eiuinienition of 
eases but examine only a few instances and infer a 
certain geneial trntli on the stiength of were enumera- 
tion. It is obvious that tlieie is always the ])ossibilily 
of an incomplete elimination in this method, hence the 
conclusion is not absolutely erriidn hut only 'jirdxddc} 
Its [)rinciple is that what is to be will 'prohuhln be like 
what has been in similar circumstances. Ihit if the 
numhei* of instances examined is large enough, the 
unessential elements aie more easily eliminated and the 
chances of error reduced.^ 

Induction by Simple Knumeration “ which ])roceeds by 
merely citing instances, is”, according to Dacon, “ a 
childish aClair, and being without any ceitain ])rinci})le 
of infenmee it may be overllu'own by a contiadictoi v 
instance. Moreover, it usually draws the conclusion 
from too small a number of instances, taking account 
only of those that are ob\ious”.^ It is called “a 

*“Xatnre is tons like :»n infinite l)nlIot-l)ox, the contents of 
which arc boinir cominnally drawn, hall after hall, nnd cAhihited 
to ns Scien(;e is ])ut the c.irefnl observation of the succession iri 
which })aHs of various chnr.icter usnalh present themsehes ; wc 
register the comhin ilio ts, notice those which seem to he cxclnde<l 
from occu'rencc, ami from the proporlional fre(jijenc\ ot those 
which usuallv :'p enr we inf< r the proh;»hIe clc raclcr of future 
dtawinff” Jevons, idO, T, 109 ; nlso cf. I. 292 if 

^ On the counting of instances is hnsed the ^tatistical Method 
usually applied to sociological ptohlems the‘e day^^. I’rof. 
E. W. Scripture 'cf. The Nt'tr P^ffchol' ijy, pp 10 ff. ) give** the 
following lules nf lids method;— (P The l'henome"on to ho 
t;* -unfed must be a countable fact that can serve as a uni', 2* All 
things which are to be counted shall correspond completely and 
exactly to the stated definition of the c<*unted object, and nothing 
that d* es so efuTespond shall I e omitted. 

^ Novvm Oruanvm, Bk. I. aph. cv. 
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childish thing ” (^trs puerilL^), because it merely 
assumes a uniform interconnexion of two plienomen;\ 
without atteinjx^ing to analyse them as parts of a 
coherent system, hut until that is done we have merely 
empirical knowledge of a certain fact hut no adefjuate 
explanation. It is Scientific Induction which under- 
takes to can y on this deeper analysis in the searcli after 
tine cx{)lanation. Hence the fundamental limitation of 
this type of Induction is that it fails to establish any 
causal connexion between phenomena but only states 
a fact of uniform connexion.^ Enumeration is, however, 
not entirely useless. It is always the starting-point of 
an inductive in([uiry and is of great help in tlie first 
stages of induction. 

4. Scientific Induction. — A conclusion arrived at by 
simple fwtmevtii urn. can never be perfectly certain, unless 
we further attempt to establish a causal connexion ; and 
when that is done, we have Scientific Induction. IMere 
enumeration may give us an idea of superficial connexion 
between thijigs, henc(' its value is not much after all : 
but in Scientific Tmluction, which is the highest foim 
of “ Imperfect ” Imluction, we seek after some real 
connexion. It goes beyond factual ndatioii established 
on the strength of meie enumeration, and aims at 
estal dishing a universal law whose validity may be 
independent of the citation of instances. Thus, if we 
know that certain men died, we may attempt to under- 
stand the reason why as men they died. If we undei- 
stand that mortality is one of the attributes of humanity, 
we may at once state witli confi<leiice that ‘All me‘n aie 

‘ cf. “It can do no more than verify a ‘that’, ft cannot 
verify a ‘how ’. Given the observed fact that />, q are, in a certain 
number of cises, accompanied by x, the induction at best can only 
verify the suggested fuf't that p, q are in all possible inst mces 
accompanied by r”. — Boyce '-ibson, np cil. p H56. 
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mortal T!ie certainty c)f this proposition follows more 
&roi« establishing a causal relation between ‘ humanity ’ 
and ‘ mortality ’ than from the factual relation based 
on the% simple enumeration of one or more (‘asesd 
Scientitic Induction, therefore, claims to ^ive us ‘ceitain’ 
knowledge. Only onr case, if thoroughly analysed, is 
suflicient to warrant the truth of a universal jjroposition. 
True scientilic explanation, which is based on the 
discovery of the laws of causal connexion, is only 
possible thiough this ty])e< of Induction. While 
Induction by Simple Enumeration merely states a fact 
of uniform connexion but fails to deal with apparmf 
mrptiovs to a generalisation, Scientific Induction over- 
comes the dilliculty by attempting by a thoroughgoing 
rnwlj/sis to cstablisii a universal law of causaJ convexiov. 
This l)rings out the ])roper function of Scientific 
Induction : it is to exjdain the hoif^ and not merely the 
flint of phenomena. 

The essential steps in Scientific Induction are : — 

{%) Preliminary observation of facts. 

(ji) Su{)])osition as to their cause. 

{Hi) Verification of the hy[)Othesis. 

{io) Ex[)lanatioii of the iaw. 

(v) Application of the established law. 

The remaining ty])es of Induction are discussed in 
the following Chapter, wheie a com])lete scheme of 
Induction is outlined. 

’ ‘ The name Scientific Iu<hicti()n is of a contradiction 

ill terms. Imluctiou h meant to mean the treatment of instance^. 
Scientific amilysis as such, however, does not deal with instances, 
but only with contents. When we speak of a scientific treatment 
of instances, we mean a precise determination and skilful resolu- 
tion of th^ir cont^ntfii.’ Bosanquet, Louie IL cb. IV. 
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SUMMAHY 

An induction is said to be “ Perfect wlien alC tlie 
instances coiiniig und(T the su])p()sed rule have heen 
exaniined and found Lo he truly cases of it. It requiies 
coii)i)li’ie pmnn.n'ation of tlie instaiua's covered hy a rult*. 
According to Aristotle, lYM*f(‘ct Indnctioii is the only 
“formally valid” indiuition ; while according to Mill this 
proc(^ss is merely a shoi-thand i('gistration of facts known 
and cannot he calhul induction. It is not an inference 
from facts known to facts unknown hut merely the 
summing up of known facts. 

An indnctioii is said to he “ Imperfect ” when only a 
few instances are examined. It lests on the assiunjition 
of similarity hetwiam the examined and tlie uiiexamimal 
cases. 

There are twn ])rinci])al kinds of Impei b'ct Induction, 
it) Induction hy Simphi Enumeration and (?n Scienlilic 
Induction. 

Induction hy Simple Enumeration consists in estab- 
lishing a universal trutli on tlit' ground of 
tlon of instance's, without any attempt at causal 
explanation, It diriers from Peifect Induction (based 
on coni])J('le enumeration) in that its conclusion is not 
a mere summing up of the known facts hut is much 
moie general, 'fliis type of induction is based on the 
principle that the future will pvohuhhf resemble the 
])ast. Thus it ends in prohahiflJjf and not crrfaivfy. 
It can only state a fact of uniform connexion hut cannot 
establish any causal connexion. It meiely explains the 
‘ that ’ and not the ‘ how ’ of phenomena. 

Scientific Induction undertakes to discover principles 
of universal connexion through the analysis and com- 
parison of instances. Sometimes even a single instance 
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is enough to estahlisli a causal relation ; all depends on 
tlie completeness and adequacy of oiq^ analysis. The 
pro[)er Junction of Scientific Induction is to explain 
the ‘ liow ’ and not imu'cly tiie ‘tliat’ of ])henoniena. 
The stiitemeiit of the fact <>f a uniform connexion is not 
enough for ])urp<).ses of science. That connexion itself 
must 1)0 cx[)lained. 


Questions and Exercises 

1. Distinguisli hetween l^uTect and lTn])Cvfcct In- 
duction, and consider the value of the distinction. 

2. What etlicacy was attril)uted to induction by 
complete enumeration (“ Perfect Induction ’’)by Aristotle? 

o. State very briefly AlilTs criticism of “ Perfect 
Induction 

4. How far and in wluit sense is it true to speak of 
the su})eriorily of “Jmpeifect” over “Perfect” 
Induction ? 

5. Discuss the relative wortli of Induction by Simple 
Enumeration and Induction by Complete Enumeration. 

G. State the chief limitations of Inductio jper 
Kn itmerationeiii Shnphcem, 

7. Explain the distinction between Induction by 
Enumeration and Induction by analysis. 

8. ^ Wherein lies the essential value of Scientific 
Induction ? 

9. AVhat is the aim of Scientific Induction and how 
does it seek to realise it? 

10. Explain and discuss the doctrine that induction is 
based upon the theory of probability. 
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1 1. Explain and illustrate the following statement : — » 

. . ^ * 
“Logical induction concludes from mch one to all: 

induction propeily so called concerns the matter of 

thought, and concludes from some to nil!' — lloiren. 

12. Is it possible to arrive at a universal proposition 
without actually observing all the individuals denoted 
by the subject of the proposition ? If so, how ? 



CHAPTER III 


MILI/S INDIUTIVE SC^IEMK 

1. Scheme of Inductive Inferences. — In R>ook 111 of 
l»is Sj/shnii of Jjotfir Mill j^ives a dotaihal account of 
Inductive Inferences. He first distini^uishes “ Inductions 
|)ro{)erly so called’’ from “ Indintt-ions inipi'operly so called. 
Cnless ther(‘- is an influence, Le., uult'ss we proceed from 
the known to the u?d<novvn, there is no induction. 
Hence all those. pr(KH\sses in which this characteristic is 
wanting are to h(‘ put aside. Mill mentions three of 
these, viz. (1) Perfect Induction (2) Rarity of Ueasonin< 4 . 
Mild (2) Colligation of Fa(*ts. All these are types of 
luducLions improperly so called. Cnder the liead of 
Inductions ])ro[)erly so (Milled, Mill reckons two types, 
> iz. (1) Imperfect Inductions, and (2) Scientific Induc- 
tion. The former has again two h)rms ; (i) Imperfect 
Enumeration, and (n) Analogy. The complete scheme 
may be drawn up as follows : — 

Inductions. 


Improperly so called. Rroperly so called. 


Perfect Induction. Parity of ('olligition 
Reasoning, of Facts. 

I . , I 

Imperfect Inductions. Scientific Induction. 


1^5 


Imperfect Enumeration. 


Aiadog/. 
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Under the head ‘ Inductions iin[)roper]y so called ' 
Mill ])uts the three processes which cannot be ca»!led 
[nductinn in thc^ivnie sense. Induction is generalisation 
fioin experience. It “consists in drawing inferences 
from known ciises to unknown in iiiferiing from 

some individual instances in wliicli a ])lienonienon is 
observed to occur, that it occnis in all instances of a 
certain class; namely, in all wliich rcsr?y////r tlie foimcr, 
in what arc r(‘gaided as the material ciicumstnncos.’’ 
xVll those processes, therefore, in which theic is no pro- 
j^ress to facts unknown or in whi( h the general truth 
obtained is not Ixdieved on the exidencc of paitieular 
instances, are not to he given tlu^ title of Induction. AVe 
might then cousi(l(m the three types ])ut by ]\Iill under 
the head ‘ Inductions impropcu'ly so called.' 

2. Perfect Induction. — d'his has alnaidy been des- 
cribed as that process in which we infer a general 
proposition after examining all the iiidividuals tliat go to 
form the class. For instance: theie are ten teachers on 
the stair of a school; we liml that each has a faulty 
})ronuuciation, ami infer that the school fails to teach 
correct ])i‘ouunciation. Again, if a family consists of live 
girls and thix^e hoys, and none of them is married, 
infer that all memhems of tliat family aie unmairied. 
According to Mill, the characteristic quality of Indiu'tioii 
is wanting in such infereiiees, since there is no transition 
from the known to the unknown. It is nolhing more 
than ‘ a mere shorthand registration of facts known ’ 
and cannot be called induction in any sense of the word. 

3. Parity of Reasoning. — This is another type of 
reasoning, used iir Mathematics, which 1 years a certain 
resemblance to induction but lacks in its characteristic 
quality. For instance, we examine a ])articular triungle 
A BC and find that the sum of its two angles is gi eater 
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*tlian tlio third angle; then vve assert the same of all 
triaufjlcs, Tlie generalisation in tins c«,se is not based 
on tlie j^articiilar fact about the triangle A (J but on the 
same reasiai wliicli convinced ns of this trnth in the case 
of A n C. This [)iocess is known as ‘ Induction by Parity 
of Jioasoniue’. Mill ])iits it aside as an aj>pajent in- 
diiclioi' for the simple reason ihal even tliough we arrive 
at a universal conclusion, we examine only one instance, 
and the truth of the conclusion is not giounded in the 
evidence of the particular instance but in the vettson 
which guided us to the di.'-co\ery of the truth in that 
one case. I’arity of lieasouing is, iheiefore, not essentially 
diHereut from Ideulit}' of Peasoning, which does not 
involve any transition from the Known to the unknown 
facts. The diHiuence between Induction and Matlie- 
matical Reasoning r(‘sls on the character of the evidence.^ 
In Induction, we examine x, y, etc., and discover a 
coiiimon piopmtv of each, but our knowledge of the 
imexamined indi\’iduals is not such as to enable us to 
say that they vDtsl ]ia\e this pio]>erty. But in Mathe- 
matical Peasoniiig our knowledge of the eoinnion 
})ropeity of x, y, z, etc i(\sts on definition and tlemonslra- 
tioii, not on any inductive leap. In the former, the evid- 
ence is e puslerani^ in the lalter a jtrwvL 

To sum up: Mill would not allow' certain mathematical 
g(3ncralisatious — in which we aigue by parifij of reason- 
ituj — to he classed as Inductions Proper. In them 

the characteristic quality of Induction is wanting, 
since ‘tlie truth obtained, though really general, is not 
..believed on the evidence of particular instances ’’ 
(Mill). 

4. Colligation of Facts. — I’his term, oiiginally used 
by Wiiewell, means ‘ the act of bringing a number of 

^ cf. Croke, Logic, London. 1906, pp. 246 ff. 
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factb actually ohservctl under a general description ’ ; 
f'.r/., we gradually discover an island to be an island by 
sailing all rouiKf it. Ke}>ler’s discovery of the orbit of 
Mars furnislies another typical example. He could not 
possibly observe its )u-ogress continuously, so he noted 
ilown a nuiiibei of observations on its successive posi- 
tions and guessed that the line joining these points 
would make an (dlipse. 

Wliewell maintains, \v hihi Mill denie>s, that (ailligation 
IS Induction. 

: '(Colligation of facts is a meie d(\scri})tion 
of a set of observed plienomena, and must not be con- 
founded with Indued ion. It may be looked upon as a 
})rocess subsidiary to Induction but not identical with it. 
Whewell is “ mistakem in sedting up this kind of opera- 
tion, which according to the old and received meaning 
of the term is not induction at all, as the ty])e of Induc- 
tion geiHually : and laying down throughout his work, 
as principles of Induction, the ]>rinci})les of mere colliga- 
tion 'idle scientitic study of facts may he undertak(*n 
for thna^ ditlerent purposes, riz,, (/) their sim])le descri))- 
tion, (u) their exjilanation, (///) their ]»r(‘diction — i.e., the 
determination of the conditions under wdiich similai 
facts may be expec^ted again to occur. According to Mill, 
only tlie first of these three operations may be called 
Collifiatioii, but it is not Induction: the name Induction 
projierly belongs to tlie other two o[)erations. 

Whnut'lffi Defence : — (Colligation is more than a mere 
summation of facts, since it intnnluces a principle of 
connexion, whicli is to he derived from the mind and^ 
not from the facts as such. Kepler’s statement about 
the elliptical orbit of Mais ‘was not the sum of the 
iibservatkins merely : it was the sum of the observations 
seen tinder a new yoint of view, which point of view 
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Kapler’s niiiid supplied Had it been a mere summary 
of facts, it could have been arrived at by adding togellier 
the ditVer^^nt observations. 

Criticism : — Jhjth views contain partial trutl). Colliga- 
tion is certainly more than a mere summary of facts : 
so far VVhewell is right. J>nt, at the same time, JMill is 
right in disallowing it the title of Induction. It is 
indeed a generalisation, but not yet verihed or univer- 
salised. Induction involves not only colligation but 
also an appr(»piiate test of proof. Thus, Colligation is om* 
of the stag(^s in the process of Induction. Kveiy 
induction c.ould be viewed as a colligation of facts but 
every colligation of fuels, is not an induction. induction 
aims at causal exi»lanation, while colligation doi?s not go 
beyond descriliing a set of observed plienomena in general 
terms. Colligaticm (cannot, theiefore, be identified with 
Induction. 

5. Induction Proper. — Now we come to the second 
main head, tlz., Inductions propeily so (‘ailed, under 
which Mill places (1) Im]>erfect Inductions and (2) 
Scientific Induction. The latter has aheady been (con- 
sidered in the last Chapter. The former has two forms, 
{a) Imperhcct Enumeration, which is the same as Induc- 
tion by Simple Enumeration, also discussed above, and 
{h) Analogy, which we now jimceed to explain. 

6. Analogy. — Argummit from Analogy original l^ 
meant (in Aristotle), ‘an e(pmlity or identity of ratios’. 
‘ Thus, if we infer from the relation o \ h : : c: d that what 
is true of the relation between a and h will also be true of 
t»hat betw^een 6* and we aie said to aigue from analogy : 
eg , — As the parents are to their children, so is the 
(lovernment to its subjects; hence, as children must obey 
their parents, the subjects must also obey their Govern- 
ment. So we may argue — 
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As flame : fuel : : light : flame, 

As the tlam6 ilies out with the fuel, so does the light 
with the tl.ime. (Stock). ® 

Ihit tlie inodeni sense of the term is ‘an inference 
based on resemblance or similarity between tw^o things’. 
The foim of the argument is — 

Two things A and 1> resemble in one or more properties, 

X, y,... 

U possesses a certain other pr(^perty P. 

A also possesses the pr()j)erly V. 

In other words, if two things re-emble each other in 
several respects, they will also resemble in one point 
mon;.’ We do not count instances here, but w’e analyse 
the character and weigh the })i o[)ei'ties of tlie })n,rticular 
instauc(3s observed. We know' that bare identities or 
bare din’erences are mere abstractions; and that when 
w^e C()mj)aie any two objects they can never be coni[)letely 
identical or totally diHercnt. d'here must be resembiances 
as well as dillerences — and Analogy j>icks out the points 
(jf resemblance. Its value, therefore, re^ts on the import- 
ance of the resemblances, and it is necessary that such 
resemblaiua's should be css^’/ifia/. Tims we use the 
Analogical argument when, for instance, we say : The 
Earth and Mais resemble in seveivd important respects, 
r//., in at mospheric iind tem[)crature conditions; therefore, 
they will also resemble in another respect, viz., habit- 
ability, /.r., as the Earth is inhabited, Mars should also 
be inhabited. 

Mill rightly insists on the importance of weigliing 
rather than counting the points of resemblance betweert 
any two objects. Tie says — 

“ Since the value of an analogical argument, inferring 

^ Analogy is “ resemblance of relations ” (Whately) ; it is “ the 
similarity of ration or relations ” (Thomson). 
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one resemblance from oilier resemblances witliout any 
antecevlenl evidence of a connexion between them, 
dei>ends on tlie extent of ascertained lesemblance, compared 
first witli’^ho ainount of ascertained dillerencc, and next 
witli the extent of the nmixplored region of nnascei tained 
])roj)crtics ; it follows that ... if after mncb ol)servation 
of 1>, we iind that it agrees with A in nine out of ten 
of its known ])roperties, we may eoneliide with a pio- 
bability of nine to one that it will possess any gi\en 
derivative ])roj)erty of A.”^ 

The number of resemblances is not so imiiortant 
as the reasons which lead us to connect the resemblances 
with the j)io])erty in (pu'stion. Without sn(‘h leasons 
Analogy is no better than guess-work. Its cogency 
depends on our ability to show that the finuJamvnimw 
relation is, the circumstance common to the tw o cases, is 
the material circumstamie, and that on it depend the 
rest of the cinmmstauces.^ Analogy cannot be a conclusive 
argument unless viu’ihed by scientific lA'periment. It is 
not proof ; many conclusions are vei-ified l)ut many are also 
I ejected as false.’^ Ly ilself it can only yield prohahilif }/ 
rather than 6vr/c-7c//;y, unless a causal connexion can be 
established between the common qualities of the two 
objects compared. 'J'he karth has, for instance, several 
resemblances with the i\Ioon ; but, as Mill shows, a single 
essential difference, 7 * , tlu^ absence of atmc)S])hore in the 
moon, is enough to set aside those resemblances, and 
we cannot, therefore, infer the habitability of the moon. 
When even one important diffeience is observed “ all 
the resemblances which exist become })resumptions 
against, ncA in favour of, the moon’s being inhabited ” 

* cf. Mill, A Sf/iifem of Ltupr, Bk ITI. ch. 20 sect. 3. 

' cf. Crokc, op, rit. p. 240 note. 

* cf. Lotze, Louik. sect 214, 
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( Mill). There is, therefore, no evidence to show, as has 
been supposed hy several critics, that Mill based An'alogy 
on a mere enumeration of reseinhlances. 

Analogy cannot take the j)lace of complete 'induction. 
Where the latter is attainable, analogy should only be 
treati^d as a ])roces8 through which furtlier suggestions 
for the estal)lisiiment of scientitic laws are obtainable. 
As Mill said, analogy has the highest scientific value 
when it is used as ‘a inme guide-])ost, pointing out the 
direction in which more rigorous investigations sliould 
be yirosiMuited Iloyce (lilison lias lightly pointed out 
tliiit the true })lace of Analogy is in the service of 
Scientific Induction. “ In relation to a (a)m})lete scientific 
imjuiry its logii^al function is heuristitc It plays an 
imjiortant part in the Logic of Disi^overy, but has no 
])lace in the Logic of Verification It is nevi'r complete 
proof but a stage on the road to exact knowleilge or 
demonstration. It does operate in Induction, and becomes 
Induction when ‘ f<n*tifi(al by negative and precise deter- 
mination This leads ns, by the way, to institute a 
comparison between Analogy and Induction to see how 
far the former shares the latter’s characteristics S — 


Induction 

A nalogy 

1. Principle What beloni's 

1. Principle. : If two things 

to many individuals of a species 

agree in many respects, they 

probably belongs to all the rest 

probably agree i'» some other 

of that class. 

respect as well. 

2. Procedure by wav of exten- 

2 Procedure by ‘Vay r»f 

sion. 

intension 


’ Op. fit. p, 361 . 

^ On thin point refer to Bowen’s Logic, p. 381 ; also Croke’s 
L^xjic. p, 249. 
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A nalojxy 

Based on resemblance 
discovered by comparison. 

4, Ueasoninjif from some 
in two to some more in two. 

f). We conclude from the 
known aj^reement of two 
things in several (jualities 
their agreement also in some 
other (juality not directly 
known. 

a and h agree in possess- 
ing ilie common (pialities- 
p, q, etc. 

.'. they also possess the 
furtlier (piality s. 

7. Ej'plh’fibf we argue 
from Particular to Parti culais 
but hnpl/c/flf/ fi om Particular 
to Univeisal. 

Thus, it is clear that Analogy cannot he identified witli 
India*, tion. It is only one ot* the accessories of indnetion : 
and, althouoh we sjieak of Inductive Inference hy Analogy, 
we must cand’ully note its ])eculiaritie8 and limitations. 

Many analogical arguments aie usually ciniclied in 
metaphorical languag(% and it is found that their 
unsoundness is sometimes due to the use of metaphor. 
While on the one liaiul, analogy is, as a rule, very con- 
\'incing, it is, on the other hand, often misleading. We 
have cas(\s of False AnaUupj, ^ whenever we argue from 
certain resemblances to certain others, which are neither 
essential nor important. The following may be taken 
as f}/ pica I exa)/iplcs : — 

* ‘ The term False Analogy is applied only to those cases of 
analogical inference in which there exists no ground whatever for 
any analogy {rule Fowler, Indurtire hujic, Ch. VI.) 

C 


Induction 


W. Based on comparison, 
elimination and generalisation. 

4. Re . 1 soiling from one in 
many to one in all. 

5. We conclude from many 
tilings to all others <.)f the same 
sjiocie^. 

(). Quality /I exists 111 n, A, <\ 
etc 

.’ /i, exists in the whole class 
const itntt'd by n, A, c, etc. 

7 Wc argue from Particular 
to Fniier.sal. 
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(1) . Oil account of his exceptional bravery, Eanji^ 

Siiy^h was known as “ the Lion of the 
Punjab Therefore, lie could also roar 
like the lion. * 

(2) . Daisy and Stella resemble each other in 

physical features. Daisy is an expert in 
cookery and needlework. Theiefore, Stella 
is also a good cook and a good needlewoman. 

(2). A and P» resemble each other in possessing 
skill in witchcraft. A is further addicted to 
opium-eating. Therefore P is also an opium- 
eater, 

(4) . A and B are logicians of great reputation. 

They resemble each other in possessing 
an extraordinary skill in dialectic disputation. 
But A never sleeps before midnight. There- 
fore B also never sleejis before midnight. 

(5) . States are, like individuals, subject to decay. 

(Mill says: “Bodies politic die, but it is of 
disease or violent death ; they have no old 
age.”) 

(6) . A and B are millionaires. But A is a robber. 

Therefore B is also a robber. 

It is truly said, that ‘ analogy never walks on four legs,’ 
We must always note the essential points of resemblance, 
viz., those which constitute /a relationis. If 

a doctrine is accepted as true, sometimes people draw 
from it conclusions which have not the remotest con- 
nexion with it. All that leads to False Analogy. 

In its modern sense, Analogy is sometimes known a^s 
Exam])le. An Example is ‘an argument which proves 
something to bo true in a particular case from another 
particular case.’ Aristotle calls it “ oratorical induction ”, 
since it is so frequently made use of by orators in order 
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to add to the effect of their speech. Analogy, however, 
may •proceed from one class to another on tlie basis ot 
resemblance, but Example always argues from one 
particular*or individual case to another such case. 

SUMMARY 

A complete scheme of Inductive inferences may be 
drawn up, after Mill, as follows : — 

I. Inductions improperly so called : — 

(1) Terfect Induction : — Consists in examining all 

possible cases before arriving at a general i> 
sation. Here there is no transition to the 
unknown cases, but only a summing up of 
all tlie known cases. Hence it is not Induc- 
tion in the true sense. Vide Ch. If supra, 

(2) Parity of Reasoning, — Tliis is also an apparent ’ 

induction, like tlie first. Although wo arrive 
at a universal conclusion, we examine only 
one instance, and the truth of the conclusion 
is grounded in the reason wiiich guided us to 
the discovery of the truth in that one case. 
Mathematical reasoning, as a rule, proceeds 
by Parity of Iteasoning. 

(3) Colligation of Facts. — Like the other two, this 

is also a kind of (iuasi-Induction. Whewell 
maintains, while Mill denies, that it is Induc- 
tion. It is a generalisation, but not yet verified 
or universalised. Hence it cannot be identified 
with Induction. At the same time, it is not a 
mere summary of facts. It is one of the 
stages in the process of Induction. Every 
Induction involves Colligation, but every 
Colligation is not Induction. 
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II. Inductions proiHrly so called, — 

( I ) Imperfect Inductions : rest on assumed similarity 
between the examined and the un('xamin(Hl 
eases. Two forms , — 

(i) Induetio j)er enimieratiuiHun sim})li(a'm, i.r. 
induction which rt^.sls on invpnfcd (Ivk iiirrat ioji. 
'This kind of induction exhausts all liwu'n 
cases (not all ihK^^sihlt cases, as in PeUVct” 
induction) JbV// (1i. II sffpra. 

(ii) Analogy. — Argument from Analogy assu- 
mes similarity hetwcMUi two things. It rests on 
tlH‘ prinei))l(^ that if two things agre(‘ in many 
I'espects, they ]>rohahly agree in some other 
resj)ect as well. It is more ini])ortant to 
weigh the })oints of lesemhlanee than wereljj 
to count them. The coned usion from Anahjgy 
can only prohuhJr, not rrr/am. 'J'lie fallacy 
of False Analogy aris(‘s wlam we su})])os(‘ 
that rescmiblanee in sonu' point/S is an 
evidence of that in ottnu* ])oints, wlum actually 
there is no connexion htdweim tlu^ o])served 
and the unohseived points, 

(2) Scientific Induetiiin. — In Science it is 
generally impossible to examine all ])ossil)le 
cases. Even a single case, thoroughly analysed, 
may revtail a causal relation. Scientilic 
Induction is not satisfied with establishing 
a uniform connexion biTween })h('nomcna, but 
])roposes to enter into the how hy seeking a 
(;ausal relation between them. It is tlu^ 
highest form of Induction and is (conducted by 
a thoroughgoing analysis of instances — some- 
times of a single instance. 
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, Questions and Exehitses 

1 . Sketeli a complete scheme of Inductive Inferences. 

2. Name and exemplify Inductions improperly so 
called. 

Define J^erfect Induction. In what type of 
syllogism is it represented ^ 

4. Examine the truth of tlie following statement — 

“ Perfect Induction is demonstrative and syllogisti(‘ : 
Imperfect Induction is neither.” 

o. IIow does (leometrical reasoning differ from 
Induction n)oes it ])ossess any resemblance to Induction ? 

G. What do you understand by the expres.^ion 
“ Parity of reasoning Give an example. 

7. (Uve Whewell’s account of ' Colligation of Facts.’ 
Also state Mill’s criticism of Whewell. 

8. Is (Jolligation more than a description in general 
terms of a set of observed phenomena ? 

9. Would you identify (.'olligation with Induction 
or distinguish the two ? Give reasons for your answer. 

1 0. State the distinctive characteristic of Induction 
according to Mill, and name the forms of Quasi-Induction 
or Ap])arent Induction you know of. 

11. What is Argument from Analogy ? How does 
it differ from Induction and how from metaphorical 
argument ? 

12. On what does the cogency of an argument from 
analogy depend ? 

*13. Distinguish between Analogy and Induction. 

14. Give typical examples of Induction and Analogy. 

15. Is the analogical argument syllogistic? Give 
reasons for your answer. 
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16. Examine the truth of the following statements : — 
(a) induction is imperfect analogy. 

(1)) Analogy is imperfect induction. 

(c) Analogy is incomplete explanation. 

17. If all analogical reasoning yields only })i’obal)ility, 
is not one analogy as good as another for purposes of 
inference ? Jf not, upon what does its rahie depend ? 

1 8. Ex])lain the fallacy of False Analogy. 

19. Discuss : — “ Analogy, the most valuable of in 
struments in tlie maturity of jurisprudence, is the most 
dangerous of snar(\s in its infancy” (MaintO- 

20. Criticise the following argument : — “ I'here M’C 

])i‘obably inhabitants in the moon, because there are 
inhabitants on the eai th, in the sea and in the air.” 
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PKESUPPOSITION.S OK INDUCTION 

1. Grounds of Induction. — Imluciion is based on 
L!;(Mieralisation. Unless we generalise on the evidence 
of parlicular facts examined, there is no induction. 
Hence the justification for generalisation furnishes the 
grounds of induction. Such justiiication lies in our 
l)cliet in reality as a systematic unity of inter-related 
])arts. Xature is one vast organism, in which the func- 
tions of each part are determined l»y the rcHpiirernents of 
the AVhole. If Nature were not a systematic unity the 
sun that rose yesterday and to-day may possiidy not 
rise to-moii’ow ; men who walk on their legs to-day 
may begin to walk on their heads to-morrow; fire that 
burns to-day may l)ecome cold henceforth; stones that 
are seen to fall down when thrown up may change 
their mood and begin to ])e]iave otherwise ; — in fact, 
there wo\dd then be no guarantee why the future 
should resemble the past ; no knowledge would l)e 
possible ; even life itself would become impossible. 

We have, therefore, to assume that our experience is 
an organised whole, that Nature is not an inchoate 
heap of phenomena but an inter-related and coherent 
totality. Hence the most general principle which lies 
at the root of all induction is that of Sufficient Keason, 
which postulates that reality is intelligible and can 

39 
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therefore be explained (to a certain extent). ‘ There is 
no difference without its reason.’ ^ Every inquiry' into 
the problem^ of Truth is based on this assumption. 
The principle may be stated as — “ All change must 
have a sufficient reason ” or “ Every fact that happens 
must have a sufficient reason. ” 'Jdiis principle is 
formal as well as rval, and may, therefore, be enunciated 
as follows : — 

Formal : “ Whatever is judgrd to be true must 
have a reason in our thought for being so 
judged,” and 

Leal : “ Whatever happens in the actual order 

of being must have a sufficient reason for 
so happening.” 

We are now concerned wdtli the rad aspect of the 
Frinciple. Reality is such that everything that happens 
in it must have a sufficient reason. When tliis ])rin- 
ciple is applied to the phenomena of Nature it assumes 
the more concrete form in the Frinciple of CauHality, 
which says that ‘ every event has a cause. ’ A further 
corollary from the Law of Causality is the Law of 
Uniformity of Causation, also known as tlie Uniformity 
of Nature, viz., ‘ the same cause has the same effect.’ 

Thus, although the Principle of Sufficient Reason is 
idtimately the basis of Induction, it is rather too wide in 
its application. When applied to Nature it becomes the 
Principle of Causality, which should, therefore, be accepted 
as the ultimate presupposition or postulate of Induction. 

While many logicians {cf. Mill, Bain, Carveth Read, 
AVelton, Croke, etc.) take the Principle of Uniformity of 

‘ This is illustrated in Lotze’s formula ‘ A 4- B = C,’ which means 
that the subject A can only pass into a specific phase V- under an 
assignable condition B. The Law of Sufficient Reason “represents 
the demand of intelligence for the explanation of everything by 
something else. ” (Bosanquet, op. cit. I. Ch. VIT). 
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Ngfbiaretas the ultimate ground of Induction, and view 
C'ausation as only one kind of uniformity* viz., that of 
sequence ; we, on tlie other hand, hold that Causation is 
the ultimate presupposition of Induction and that the Law 
of Uniformity (as also Reciprocity of Cause and EiTect) 
is already implied and included in C^ausatioii. Since a 
cause cannot he so called, unless its efifect follows from 
it alvjajfs under like conditions. ^ If the eflect follows 
sometiwes and does not follow at other times, its so-called 
cause has no title to be regardt^l as Cause. Joseph and 
Mellone, among a few others, share this view of ours. 
The following scheme shows the principle of Causation 
as the foundation of Induction and its relation to the 
other ])rinciples : — 

Induction is grounded in 

Law of Causation 

“ Every ])henomenon has a cause.” 


A concrete form of 

Law of Sufficient Reason : 

Everything has ii sutticient 
reason for its beiiij^. ’ 


Includes 

(1) Law of Uniformity of 
Nature ; 

' Uniformity of Causation) : 
“ The same cause must have 
the same eifect,” and its 
con verse 

(2) The Reciprocity of Cause 

and Effect : 

” Ev’ery effect always has the 
same cause.” 


‘ Our view can easily he reconciled with our mataphysical 
doctrine of the inherent iiidentity of Cause and Effect. If we 
confine Causation (in Logic) merely to sequence in time or succession 
we find no way to auree with the doctrine of the identity of Cause 
and Effect. Tn Hindu Logic the two theories known as Asatk/lrya- 
vada and Satkaryavfida are worked out side by side. Vide § 
15 below. 
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Induction is chielly concerned with the discovery of 
causes of phenomena, and we shall therefore inquire into 
the meaning and implication of tlie principle of Causa- 
tion at some length. Tlie typical represen tativ^e of the 
Eni[)irical school is d. S. Mill ; hence, before proceeding 
further we must review his teaching. 

2. Mill^s View of Causation. — Mill is careful enough 
to ))reface his impiiry into the Law of Causation by the 
remark that ho speaks of pJnfsical causes only, and not 
of e.JficietU causes, that he does not pro})ose to go into 
“ the ultimate or ontological cause of anything. ” Kx- 
cludiiig the notion of eflieiency in causes, he defines cause 
as invariable and unconditional sequence. If A is in- 
variably and unconditionally followed l)y 11, it means 
that A is the cause of I>. Causation is a Uniformity — 
the uniformity of succession — the other uniformity" being 
that of co-cxisicnce, under wliich IMill classes, r.//., the laws 
of numl)er and of geometry, in fact, all generalisations in 
which any two ([ualities A and U are found to be 
inseparable, although we fail to explain tlieir co-existence. 

Causation is the law of the successicui of phenomena. 
“The Law of ('ausation,” says Mill,^ “the lecognition of 
which is the main ])illar of inductivt^ science, is ])ut the 
familiar trutli, tiiat invariability of succession is found by 
observation to obtain between ev(‘ry fact in nature and 
some otlier fact which has ])recede(l.” In the section 
following, he continues : “ The cause is the sum-total 

of the conditions positive and negative taken together : 
the whole of the contingencies of eveiy description, which 
being realised, the conseciuent invariably follows.” Here 
we have the antecedent conditions and the consequent 
event distinguished. The former taken together are 
called the cause the latter the effect. The negative 

Book III, ii. 2. 
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eowditions are summed up by Mill under one liead, viz., 
“ the absence of preventing or counteracting causes.” 
Thus the Ccpise of a ])henomeiioii is constituted by the 
group of antecedents, which being realised, the pheno- 
menon follows. 

Now, if causation were merely i)ivariah/r srqumcc and 
nothing more, day would be called the “cause” of night, 
since it is invariably followed by night ; similarly night 
could be called the “ cause ” of day for the same reason. 
Hence, causal seipience is more than mere invariable 
succession. It must also be “ uncondii umal'' hence, Mill 
gives his final and “ scientific ” d(dinitio!i of “cause” as 
follows : — “ We may define, therefore, the cause of a 
])henomenon, to be the antecedent, or the concurrence 
of antecedents, on which it is iiUHiriahly and uncondition- 
(dhj consequent.” Thus the succession of day and night 
cannot be called ‘ causal,’ since, although liimrudde, it is 
not unconditional. It is determined by the occurrence of 
other antecedents. 

The ordinary and popular view of (JAUSK is anything in 
the absence of which a ])heuomenou would not come to 
pass, and the tendency is to seh^ct the antecedent 
and give the name ‘cause ’ to that alone. This view is 
recognised in Mill’s own account, but at the same time 
he improves it by his scientific view, whi(;h takes cause 
as the whole yroup or the stun -total of conditions, positive 
and negative. The latter view is usually regarded as in- 
congruous with the former but to us it seems to be only 
a little mdre cautious and e.xact statement. 

Criticism of Mill’s Doctrine. — Various lines oi 
argument have been advanced against Mill’s account of 
causation. The following are the chief points for criti- 
cism : — 

(1.) Joyce finds fau)t with Mill’s doptpne on t)ip 
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ground that the reduction of ehicient causality to a 
mere time-rel",tion is totally contrary to reason. Every- 
thing which comes into being must have not a mere 
antecedent in time, Imt an eflicient cause which is the 
reason why it exists.^ 

Ihit this criticism aj)pears to us ])eside the point. 
Mill expressly tells us that he is not discussing the onto- 
logy or metaphysics of causality, and by ‘ cause ’ he 
means phyfiical and not ejficvmt cause. Joyce simply 
preaches the metaphysics of causality to a logician who 
is dealing with the relation of natural ])henoniena. Th(‘ 
following }>oint would, therefore, ])e more relcNant in criti- 
cism of Mill : 

(2.) If causality is mere succession in time, Mill 
cannot with any Justification speak of the uneondUiotKtl 
character of the connexion. We can only s])eak of W 
following A, and not as to Iioir the causal tie between A 
and B exists. But unless we know something about th('. 
hoiv, the reason why B must follow A, we cannot speak 
of A as the iincondiiional antecedent of B. To know it 
we have to transcend the mere secpience of phenomena in 
time. 

(3.) In defining cause as the sum-total of positive 
and negative condifions indi.spensible for the production 
of the effect, Mill wrongly identifies cause with ‘ condi- 
tions.’ Cause must be distinguished from condition , " 

^ cf. Joyce, Principles of Lo<jir, 1908, p. ‘242. 

A cause is that which makes a thing to be what it is, while 
a couflition is that which in one way or another enables the cauHes 
to act in the production of the effect, but which doe.s not make the 
thing what it is” fJoyce, p. 220). A condition, although neceshno/ 
for the production of the effect, does not positively coti tribute 
thereto. For instance, powder mu.st be dry in order that it may 
have its effect in gunshot ; or, again, to allow daylight in a room 
there must be some windows. In either case we have a condition, 
pot the cause, 
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#(4.)^ As an oni]>iricist ]\Iill cannot l>elieve in 
necessai y connexion’, yet he defines '^ause’ as an 
)ir(tri<((tle antecedent. I ii variable ’ means ‘that which 
'(dinot \ary and empiricism means that we are not to 
specidate in advan(a‘ of the facts : how, then, can it have 
cooni/aiKie of more than a.n o))served absence' of variation, 
and how can it infer an a,l»sen(a' of a ‘ powei* ’ it laid 
declared lo he an illusion ( Clearly the transition from 
‘ unvai’ied ’ to ‘ invariable ’ is beyond its pow'cr ” ^ 

(o.) Mill’s ])hrase “sum-total of conditions” is mis- 
leadino'. (0 It indicates a special way, which may be in- 
apj)roj)riat(', of (‘ombining tlu^ factors. ‘ 'riie totality of the 
lelations ’ would be a belhu- ])hrase than ‘the sum of the 
('onditions’ (Posainpiet). {ii) It is not clear wiiether it is 
limited to rrlrnuif conditions or not. If it is, it becomes 
(juite inconi])atible with Mill’s doctiine of the Plurality 
of Caust^s, {r?-?., that an elfect may be ])roduccd by viany 
(•anisi^s). If, however, the jihrase is not limited to 
r(‘h‘vant- causes, it may he (omi)atible with ‘ Plurality of 
Ca,uses ’, but it loses its real nuauiing and tluu’cby C(»n- 
fiises ‘ (aiiise ’ and ‘ condition.’ There would then be no 
analysis: it wajuld be meaningh'ss tautology to spc'ak of 
‘ cause ’ and ‘ etlecl.’ 

(b.) The notion of cause implies eilicieiicy, wdiich 
(‘Veil Mill — so careful to avoid ejficlcnt causes — has to 
admit in s[)eaking of the inicoad itional character of tlie 
causal connexion. Moreover, such unconditicmality can- 
not be proNcd in the case of physical phenomena.- 

(6.) •Tlie. idea of cause as an event in time prior 
to tlui effect, i.c., the tinui-sepiu'nce of causation, is 

' Schiller, op. rit . p. VSS. 

*’ cf . “Mill sets out by discardiii '4 ‘efficient’ causes, and yet 
lie finds cause in a set of conditions whose existence necessitates 
that of the effect ; greater efficiency than this no one would wish 
ip establish.” — Welton, op. e/7, TP, p. 19, 
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imsoiinJ. Afi this is of particular importance, we shall 
discuss it in the following section. 

4. Causation as Sequence in Time : Criticised, Mills 
doctrine contains the erroneous implication that 
fime-sef/uevce is an essential character of causation. Tliis 
seems to he due to the natural tendency of translat- 
ing distinctions in thought into separations in fact. 
Mill speaks of the antecedent as ‘ cause,’ and the con- 
secjuent as ‘effect,’ but the statement is false, if taken 
seriously. Causality is a process, it is a change, and 
there is no stage at which we could say that the cause 
has ceased, and the effect has begun. ^ The immediate 

cause co-exists with the immediate effect. The process 
of real changti is one, and if the cause ceases to act, 
the effect also ceases to be produced. Change does 
take place in time, but it is one (jontinuous process and 
its moments are not separated Inj time. In other words, 
cause and effect are not divided by time, in the sense 6f 
duration, or lapse, or inters})ace : they are separated in 
time by an ideal line which we draw across the indivi- 
sible ])rocess.“ Mellone rightly observes : “ Cause and 

effect are divided by a simple mathematical line — a line 
destitute of breadth — which is thrown by our thought 
across the current of events ; on one side we have the caus(‘, 
on the other the effect. There is no pause in reality ; 

* One refer to ;i ease in which a man takes poi.son now, 

and the result defith conies lonji^ after. But it would be wrong to 
argue that between the taking of poison and the occurrence of 
death nothing has happened. In fact the poison begins to act as 
.soon as it is taken, cau.se and effect co-exist, and it is only one of 
the last links in the long chain of events that we call deatji. 
Poison goes on acting, each stage is imperceptibly linked up with 
the following and it is quite arbitrary to take no notice of the 
many proximate causes of death lying between the taking of 
poison and the event of death. 

*cf, Croke, op. cit. p. 511. 
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4he whole process is continuous ; the immediate cause 
comes into full action only at the very moment when the 
effect begins to be produced. The point, to be borne in 
mind is tlie continuity of cause and effect.”^ Causation is, 
therefore, ‘ something that is not in succession, though it 
remains through succession Mill is aware of dis- 
creteness only, he is blind to the continuity of the process. 
“ Cause as an event in time,” says llosanquet, “ is an 
imperfect conception. Indeed it is hardly possible to 
formulate the idea of one event in tim(^ as the cause of 
another that falls, in time, wholly outside the first. 
Cause is always taken to be more or less of a complication 
of relations and circumstances ; and these as acknowledged 
to bear on one another, are not mere events in time.”‘^ 

5. Our View of Causation. — Criticism of the empi- 
lical theory of causation leads us now to state our 
own view in brief. It seems to us that Mill’s account 
of cause as the invariable and unconditional antecedent 
states only half the truth, and taken by itself it cannot 
be accepted as a complete theory. Mere succession, as 
we have already observed, exi)lains nothing. The effect 
may follow the cause unvaiiedly, but on strictly empirical 
data we cannot predict the future. The senses do not 
reveal any real connexion between two phenomena known 
as cause and effect. They give us only a stream of 
perceptions, and from the empirical standpoint we have 
no right to assume the existence of any necessary connexion 
between them. On this point Hume (1711-1776), who 

^8. H. Mellone, op. rlt. p. 27.S. cf. Bradley, Prifidples of Logic, 
p. 488. 

^ Logic I, cb. YI. “ The temporal succession, which seems the 
natural differentia of causation, disappears in the reference of 
the effect to a positive and continuous system. Mere temporal 
relation is negative, is nothing. It is only the unity behind the 
temporal relation that can bind cause to its effect .” — ihid 
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])ointe(l out the l)ankruptcy of ein})iricism, was iinaiiswei;; 
able. His ])ositioii may he summed up very hiieliy 
as follows : — 

The idea of eausility has a })ur(dy su])j(Mitive si^ni- 
ficaiiee. Tlie necessary (tomiexion which we postulate^ 
hetweeii cause and ellect can neither l)e demonslrated nor 
felt. It is not true to say tliat tlie idea of causality can 
be dcriv(M,l from exj)ei*ience ; since ('X})erience only ^ives 
us a nuu'e su(!cession of sensations, a mere sc(juence of 
isolated evamts without any interconnexion. " We hii\t^ 
no idea of connexion or power at all, and th(\s(* woidsaj’(i 
absolutely without any meannij>.’’ (’ausation is nothing 
more than customai’y siuica^ssion. r>y tlumisclves all 
events are loose and separate, dliey siann conjoinriJ but 
never coniiecfrd. Kr(jm the nu'n^ re])(‘tition of any ])ast 
im})ressiou even to inlinity, tJun‘c will nevin* arise the 
idea of necessary (a)nnexion. It is in our own mind and 
wo (wroneously ])rojec,t it outwards and tliercdw caeate 
an illusion. 

All this goes to ])rove that on tlu^ basis of {Wpvrienvr 
we can only s])eak of the mere srpufnn' id two phenomena. 
Hut causation im])lies mucli moi-e than mere suc-cession 
in time. 

The idealistic theoiy, on the otlun’ liand, also <^oes to 
the othei’ extiome and is blind to half the truth. In 
its anxi(;ty to state the truth from the mcta]»hysi('al 
standpoint it ignores the logical distinctions of cause and 
ellect due to succession in time. It declaies causation 
to l>e co-existence, m^t secpienc'C. Cause and efiect aie 
viewed as merely two aspects of the same juoca'ss. They 
are also i)ronounced to he identical in their essential 
nature. When they ar(» referred to a coni])let(^ system, 
the idea of temporal succession disa})pears, and cause is 
identified with the complete ground or “ the totality of 
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systematic relations which constitute its necessity 
(Bosanquet). The idealistic theory rigjitly maintains 
that the temporal order of cause and effect should he 
treated as the expression of a plan or unity. “ Except 
as the expression of such a unity," writes Bosanquet, 
“ causation disajipears ; hut us the expression of such a 
unity, the causal relation ceases to he in time, because 
the positive connexion between cause and effect being 
made manifest, the two are united in the complete 
ground " {ibid). Now, it is unquestionably true that 
the process is not cliopped up into bits of phenomena 
succeeding one after the other. There are no breaks 
in the process. (Jausation is ' the ideal reconstruction of 
a continuous process of change ’ but such reconstruction is 
in time, and the continuum is not in any way broken by 
an ideal line tliat distinguislies cause and effect. As 
Bradley observes : Between t he coming together of 

the separate conditions and the l>eginning of the 
process, is no halt or interval. Cause and effect are 
not divided by time in the sense of duration or lapse or 
interspace. They are separated in time by an ideal line 
which we draw across the indivisi])le process. For if 
the cause remained for the fraction of a second, it might 
remain through an indefinite future.” ^ It is, however, 
sometimes forgotten that althougli causation is an 
indivisible process, yet in order to speak of cause and 
effect an ideal line must be drawn sepajaling the two 
in time^ If you refuse to allow that, the reference to 
distinction less and continuous process serves no 
purpose for us and is altogether meaningless. Therefore, 

' Bradley, <>p. cH p. 488 note. 

*cf. “ Granted that time and 8equence are coiitinuouH, jet ihej' 
are also discrete. There is indeed no interval in which we can stand 
and say ‘ The cause is past «nd the effect is not begun.’ But un- 
questionably we can make a stand at any point in the continuous 
D 
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if the effect is to have a beginiiiiig, the cause must also 
have a beginniug. To produce the effect it becomes a cause, 
and becoming is change in time, 'J'his truth is sometimes 
ignored while sp(jaking of causation as co-existence. 

Tlius, the true view of causation is to regard it as a 
continuous process of change in time. Causation is co- 
existence, but as a cause cannot exist without producing 
its effect, we speak of the beginning of cause and effect, 
which implies their succession in time. It is, therefore, 
not wrong to say that the effect succeeds the cause. 
It should only be added tliat it does so immcdiatehj , 
without any halts or breaks. In this way, the continuity 
of the process is not affected, and at the same time we 
do no violence to the ordinary view of causation as 
temporal succession. We only ex])lain the sense in which 
we can speak of temporal succession. In content, cause 
and effect co-exist, but in their form or manifestation in 
phenomena, tluu’e is time*se([uence.^ This seems to be 
the only way of bringing together the elements of truth 
in the two theories. 

0. Plurality of Causes: Mill’s Doctrine. — 'Jhe term 

‘ Plurality of Causes ’ was introduced by Mill, who wrote 
{IS follows : — “ It is not true . . . that one effect must be 
connected with only one cause, or assemblage of condi- 
tions ; that each phenomenon can be produced only in 
one way. There are often several inde})endent modes in 
which the same jdienomenon could have originated. 
One fact may be the conseciuent in several invariable 
sequences : it may follow with equal uniformity, any one 
of several antecedents, or collections of antecedents 

sequence and say ‘ so much is (or has been) jeal, the rest is not yet 
leal.’ And what is not yet real cannot be the cause of what is or 
has been real. This appears to be the root of our whole conviction 
about cause and effect in time.” Bosanquet, Logic, I. ch. VI. 

^cf. Welton, op. cit, IT. p. 25 also. 
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,(III X. 1). Thus, according to this doctrine, altliough the 
same cause, under similar circumstances^ always produces 
the same effect, nevertheless, it is not true to say that 
the same effect is always due to the same cause. Aiany 
causes may bring about a certain effect. To take Mill’s 
own example : death may he caused in several ways. 
We cannot speak of the “invariable antecedent” of 
death. It maybe due to one or more of a multitude of 
causes. It may, e.g,, be due to poisoning, plague, heart- 
failure, suffocation, suicide, shooting, smallpox, cholera, 
old age, etc. That the same effect may be produced by 
a plurality of causes is further shown by medical theory. 
The physician knows that a disease may be due to one or 
more of so many causes and he is anxious to determine the 
(‘(fuse in each individual case he examines. Take Fainting 
or Synco])e. Tliere is no one, fixed, invariable antecedent 
to bring about this phenomenon. Thus iMoore writes : — 

“ Fainting or Syncope occurs from numerous causes. 
It may result froin loss of blood, or hom fright or sudden 
shock] it may be produced by a ))low over the stomach, 
or by intense pain ; . . . It may be caused by a disordered 
stomach, or may arise from certain diseases of the heart. 
It may even arise from great heat, or the vitiated air of 
crowded rooms ; bad smells or unpleasant sounds.” 
Thus — 

Effect Plaralitf/ of CauHCH. 

f 1 Loss of blood. 

2. Fright. 

5. Sudden shock. 

4. Blow over toe stomach. 

5. Intense pain. 

* Fainting (due to) ... ^ G. Disordered stomach. 

7. Diseases of the heart. 

8. Excessive heat. 

9. Vitiated air. 

1 0. Bad smells. 

I 11. Unpleasant sounds. 
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These facts seem to support the doctrine of the 
Plurality of Causes. Mill concludes : “it is not true that 
the same phenomenon is always produced by the same 
cause, the effect a may sometimes arise from A, some- 
times from B. , Many ca\ises may produce motion ; 
many causes may }) reduce death ” (ibid). 

7. Criticism ol MilPs Doctrine. — Mill took pains to 
distinguish tlie popular and the scientific meanings of 
the term ‘cause’, and finally defined ‘cause’ in the 
scientific sense as ‘ the invariable a!ul unconditional 
antecedent of a phenomenon ’ : yet, in emphasising his 
doctrine of the Plurality of Causes he either entirely 
overlooks this distinction and uses the term ‘ cause ’ in 
the popular sense or else expresses a view totally in- 
consistent with his own definition of cause. We must 
carefully distinguish the Pluiality of (Jiuises from the 
Composition of Causes, which means tliat a single complex 
))henomenon may have different causes acting together 
on one occasion. Such partial causes co-operate and 
jointly contribute to the production of the complex 
phenomenon, which we call one. For instance, a person’s 
death may be brought about by a coauplication of diseases, 
of which no one could have singly proved fatal. In 
such cases, the term ‘ cause ’ is not given to aiiy single 
* partial ’ cause but to their composition. But the 
Plurality of Causes means that one and the same effect, 
e.g.y death, may on different occasions, be due to entirely 
different total causes, e.y., poison, old age, explosion, etc. 

But we hold that the same phenomenon cannot, have 
different causes on different occasions, A cause, as 
defined in its scientific sense, would cease to be ' cause ’ if 
the same effect could liave a plurality of causes. If, 
according to Mill himself, the essence of causation lies in 
‘ invariable and unconditioned sequence it means that 
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such sequence is iiulependent of everythini^ else, lienee 
a certain sum-total of conditions can only ju’oduce just 
one eftect, and that no two or more ciuses can (‘ver l)rin <4 
about exactly tlie same eflei^t.^ Therefort*, in this stri('t 
sense of the term ‘ cause it is not true t o say tiiat a 
})henomenon may have a plurjility of causes. The 
Plurality of C'auses lias oidy a siunhlance of reality : it is 
more apparent than real. As Jnseph says: “ tlK'. alhu- 
native ‘ causes ’ of a ])h(m(»menon, whi('h make up tlu‘ 
])lurality, are noiu', of tlumi ('.auses in tlu' strict(\st sens<', 
but rather events wliic.b auna^ so far as the ])rodu(*ti(>n 
of tlu‘ phenomenon re(|uires, though taken as a wboh‘ 
they are very diCfenMit.^’- 

If the ‘cause’ is, in its strict sensi^ “the sum-total of 
the conditions, })ositive and ne,i>’ativ(^ taken toj^etluu’ ”, 
it is easy cnoug’h to s(m? that tlu^ iH'o-ative conditions — 

* cf. “There arc, ;is Mill <>hs(‘i'\c<l, many (causes of death; 
and thmiLjh he was referring to men, il is also true of rats. But 
death is not the vsame thinu whenever it ocaaivs : and the doe,!, or 
or the coroner knows this The many ditferent causes of death 
do not altogether liave the s:nne effects ; if you shoot a man 
and if you Viehead him, the difference in tlie result is visible : if 
you poleaxe an ox and if you ])oi.s(>n him, he is not eijually edible 
A s soon as we he^in to he interested in the ])artic.uhir variety of 
<leath produced, we tind the numher of causes tint i>!‘odnce the 
result in wlncli we are interested diiinnish rajiidly ; if we carried 
our interest far enou< 4 :h into detail, we ini^ht say that for death 
of a particular kind there was only one cause possible. But since 
much of this detail is (piite unimportant, we treat as instances of 
the same event events which in some re^jiects are different and 
then say that the same event has divers causes”. — Joseph, op. cU. 
p. 447.' 

“ There are many ciuses of death oidy because there are many 
kinds of death.” — Mellonc, op c//. p. ‘itiU. 

“If only the effect is given in all its detail, there will never be 
more than one possible cause to account for it. 4'he relation 
between Cause and Effect is thus, idfaflt/, recijirocal or reversible ” 
— B. Gibson, op. cit. p 384. 

* Joseph, op. cif. p. 455. 
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which imply that ‘ nothing in tlie absence of which a 
phenomenon occurs can \)e its ‘ cause ’ — can never Ik; 
fulfilled if the doctrine of the riurality of Causes is also 
true. If one and the sanu; eflect can have different 
causes on different occasions, we cannot view 'cause’ 

as that in the abseiK-e of which a pheiiomenoii occurs’. 
It cannot be called ‘cause’ in the particular instance 
in wliich it is absent, l)ut it may be on anotlier 

occasion, when it is present. The relation ladween cause 
and effect is reciprocal : and as it is true to say that 

‘ the same cause has the same effect it is no less 

true to add ' the same effect has the same cause.’ 

At the same time we must bear in mind that the 
doctrine is true only if we use the term ‘ cause ’ in its 
])opular sense; i. r., not “the sum-total of positive and 
negative conditions,” not “ the invariable and uncondi- 
tional antecedent” Imt ‘conditions sufficient tliough not 
indispensable ’ for the ]>roduction of an effect. In this sense, 
the same elfect may be produced by different causes.^ 

Thus the doctrine of tin; Plurality of Causes is wholly 
incompatible with Mill’s delinition of ‘cause’ in its scientific 
or philosophic sense. If ‘ Cause’ is merely the ‘ su?n of 
conditions' the Plurality of Causes is plausible, but if it is 

^ The doctrine holds ^ood “ as lonjy as the ‘ cause ’ is understood 
in the popular way. The phirallfff <J}m}>peavi< hf-Jhr^ tuif/ enicf 
scientf/ic invent ujat ion. The subtraction of any factor from the 
“total cauvse “ in this strict scientific sense, or the addition of any 
new factor to it, must necessarily modify the effect : no other 
factors or combinations of factors could produce this sort of effect 
exactly and identically”. — Coffey, Scienee of Logie, 11)12, II, p. 8(1. 

The wither conception of ‘cause’ which allows the ‘plurality of 
causes’ to hrl ! ^ood, is, however, “the most serviceable for 
purposes of induchxc loj^nc; ” tVenn, Empirical Logie, p. 71). 

Properly speaking, to give the cause of anything is to give every- 
thing necessary, and nothing superfluous to its existetu e. But our 
jtractical aims cannot be satisfied by that much alone “ What we 
wapt to know is not by any means always the recipro , ting capse of 
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defined in its sense as the ‘ sum of the conditions,^ there is 
nothing to support the doctiiiie. In th^s sense, as we said 
above, there is always a rcciprociti/ between the cause and 
the efiect. 

8 . Cause Distinguished from Reason or Ground. — 

VV'e hav^e spoken ot the reci})rocity of cause and efiect. In 
this strictly philosopliical sense, cause is identical with 
(jroumL We know that the hypothetical judgment, with 
its content composed of ground and consecpient, is a 
reciprocal judgment, wlien ideally comj)]ete ‘If A is 1>, 
it is (U is a hypothetical judgment. Wlien it is ideally 
complete, we should be a})le to infer ‘ If A is 0, it is B 
The relation is reciprocal, A cainiot cohcue with B, unless 
B coheres with Ad 

Cause and Oromid cannot, therefore, be distinguished 
in theii’ perfect stage. The (’ause is the Because. Com- 
plete Ground — which is ultimately not other than Beal 
Ground — is identical with Cause as ‘the sum of the 

a determinate phenomenon : the ])henomenon under investigation 
is often highly complex, and .subject to all sorts of variation on 
the ditterent occasions of its occurrence, through variation in the 
objects or events contiahuting to its }>roduction ; not the whole 
nature of the ohjects or events under whose intluence it occurs is 
I’elevant to its occurrence, but only certain particular properties 
or modes of action”. — Joseph, op. cit. ]>. 445. 

“ Sometimes what is practically most iin])ortant is scientifically 
least important ; it may be of great importance to know what 
circum.stances will ])roduce an event without knowing how they 
produce it. For instance, it may be of importance to clear the 
]>remises of rats ; trajjs, .strychnine, jJiosphorous and terriers are 
Narious ‘causes’ between which we must choose : but we do not as 
a rnl« hold post inortems on dead rats. ’ Mellone, op. cit. p 275. 

^ ‘ The relation of Ground is thus e.ssentially reciprocal, and it 
is only because the grounds alleged in everyday life are burdened 
with irrelevant matter or confused with causation in time that wc 
consider the Hypothetical Judgment to be in it^f nature not 
r eversible ”. “ Complete r Jause, like Complete Ground, corresponds 

to a Hypothetical Judgment, whose condition and consequent are 
reciprocal — Bosanquet {ihid) 
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conditions.’ In otlier words, as Canse and Ground are 
coin|)l(*tcd, tlicy ^ tend to coincide, “ and tlie striking 
didercnices Ix^twc'en tlieni d(‘])end on a comparison of tlieir 
imperfect and ultimately self-contradictory forms.”^ In 
t.h(‘ir im])erf(‘et sta^’e, cause is to be distinguished from 
iL^i’ound. As such (’aus(^ is a sj)e(a'es included in a common 
i^cnus willi the incom])l(^t(‘ forms of (Tround. 

It is only hy id(‘ntifyin;.>' Cause and Leason that tlie 
followiii;^ ])aradox, i*(dV‘rred to in the previous section, can 
1)0 met : “ Wliat is nuuudy esscmtial to the etiect is always 

somethin^ l(>ss than any ('omhination of real ‘‘things’’ 
whicli will ])roduce the (‘Hect, h(‘causc every real tiling 
has many ])ro])erties irrelevant to this ])articular effect. 
So, if iliv cdUHc difdus somrlhiiuf rraf as a material object 
is ]‘('al, it cannot he iinaiiahh^ and ess(Uitial. If it is not 
sonudJiine; real, and is essential, it tines down into a 
reason or law — th(‘ a,ntcc-(alent in a hypothetical 
judo'UKmt.”*^ 

('ausation is known by ]‘(\asonino;. The cause, as we 
know it in its com])lete form, is always the Leason or 
Gi’ound. I)ut th(^ Heason is not always the (’ause of the 
(tonseipunu'C. As Uradhw says, “ In some cases, no doubt, 
it (the r(\ison) do(‘s appear as tlie cause, hut in others we 
cannot s(‘e liow this is possihh*.”** The cause, as we 
know it, is always a because ; hut eveiy because does not 
a])]>(Xi]* as a cause. 

Sometinu's Cc/csv and /tcason ar(» distiipt>uished witli 
reference to the order of reality and the order of thoui^ht 
respectively. Thus ‘Cause’ is said to he that on whicdi 
something depends in the real order, and ‘ Reason’ that 

* HosjUKjiiot (ihid.) (Jroiind and Cause are tlms not co-ordinate 
hut converi^etit conceptions.” 

” Hosanquet, e/ /.er//c, ^racniillan,! 895 p. 105. 

^Bradley, c/7, p. 497. 
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on which something (h^pends in the (nxler of tliouglitd 
rhi*s distinction <also explains that between Cansa 
the ground of existenei), or that whicli explains why a 
cliange IS what it is, and ('(turn CiUfnof^Ci'ndi, the ground of 
knowledge, or tliat which ex})lains liow we know a 
certain event. Fur instance, I am riding in a tram-car 
in Calcutta, and see fioni some distaiu'e that a smaslied 
up hackney-carriage and motor-ear are obstructing the 
line. Tliis is the C((um Coonosniuli to nu' tliat tlu^ 
tram-car will sto}), but really the ti*ani-car will stop by the 
application of the brake, wliich is the causa csscndl. 
Cause corresponds to the c/nisa esscudi, and Crouml or 
Reason to the causa (‘(Ufuffscoa/t. Tli(‘. forimu' I’ofers 
to change as real, the latter as knowabh'. The relation 
of (Jause and Etlect ca.n thus be distinguisluMl from tluit of 
(rroiind and (a)nse({uen{ie, but th(‘- distimTion does iiot 
imply any o])position. This distinction is, however, 
“ more one of usage than of theory 

In ordinary usage Cause is taken to imply time 
se(|uence. In this sense, it may be contrasbMl with (1 round 
or Reason. Cause refers to oj)cr<<tion in flute, Ihnison does 
not. 

9. Quantitative Aspect of Causation. — Science al\\a}’s 
aims at accuracy and ])recision. In ])hysieal and 
mathematical scieiujcs and other departments of knowledge 
which allow of ([uaiititative m(‘asur(mi(mt, this aim is 
realised; but facts of our mental and moral life, whicT 
are always unirpic and (pialitative, baflle all attempts of 
sciei^ce to view them (juantitatively. For that reason, we 
cannot, strictly speaking, have a sctntcc of Psychology 
or a science of Ethics. When we speak of them as 
sciences we only imply their methodical and genetic 
* cf. Joyce, op. cit., p. IH). 

^ Bosanquet, op. cit. 1. p. 205. 
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treatment. Now, Causation admits of quantitative treat- 
ment only in physical sciences, and it is in their reference' 
that the following remarks of Sir elohn HerscheP are 
ap{)licable : “ Numerical precision ... is the very' soul of 
science ; and its attainment affords tlie only criterion, 
or at least the best, of the truth of theories, and the 
(jorrectness of experiments .... Indeed, it is a character 
of all the higher laws of nature to assume the form of 
])reciso fiiiantitatire statement.” Thus, wliere possible, 
science seeks after numerical accuracy.- 

In its (juantitative asjK'ct, Causation is viewed as Con- 
servation of Energy, an idea supposed to indicate a great 
advance in the scientific view of causality. 1’lie principle 
amounts to saying that energy has various forms, all 
mutually convertible, and that no energy is lost in such 
mutual conversion. Force that is extinguislied in one 
form is created in another form. (derk-Maxwell defines 
the Principle of the Conner rat ion of Kneripj as follows : — 

“ The total energy of any material system is a 
(piantity which can neither bo increased nor 
diminished by any action between the ])arts 
of the system, though it may he transformed 
into any of the forms of which- energy is 
susceptible.”^ 

We can make this statement in reference to concrete 
material systems oidy, and no equation between the total 
possible energy of the Universe as a. whole can be 

^ Herschel, Discourse on Xafural P/uhtsopht/,^^ 115, 110. 
cf. ” If we are to speak accurately we cannot say that eatiiijL^ 
stills hunger and drinking thirst, for a mouthful or a sip is no 
good ; nor can we say that arsenic kills or <piinine rediaces fever, 
for it depends on the dose ; it is inaccurate, again, to say that 
common salt is dissolved by w'ater, for it is not true that any 
quantity of salt is dissolved by any (piantity of water.” — Sigw'(ti t, 
Logic (Eng. trans.), pp. 340. 341. 

^ J. Clerk-Maxwell, Matter and Motion, Ch. V., p. 00, 
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established on empirical grounds. As Janies Ward says, 

Those who insist that the quantity of this energy in 
tlie universe must be constant seem to me in the same 
])osition* as one who sliould maintain that the quantity 
of water in a vast lake must ))e constant merely because 
the surface was always level, tliough lie could never reacli 
its shores nor fatliom its dcqith.”^ 'J1ie principle simply 
int'ans that energy is not lost in transformation from one 
foini into another in a limited systiun. If we know the 
amount of energy lost, we can find it in some other form. 
If a kettle full of water being heated for half an hour is 
found empty, the water has sinqily assumed the form of 
steam through heat. Forc'.e is indestructible. The forms 
of Heat, Chemical Force, Electricity, etc., may interchange, 
but no amount of energy is destroyed thereby. Trans- 
ference of energy is the linal solution of change offered 
by science. 

Now', Causation, view'ed as Conservation, is tlu^ trans- 
ferring of a dehnite amount of energy. “ ]>ain explains 
it by means of the following examples : — 

‘ When a ship is propelled by wind or by steam, the 
motion is said to be caused by those agents, which expend 
themselves in producing the ellect. The expansiveness of 
steam is due to heat operating through the medium of 
water. The heat arises from the combustion or chemi(;al 
union of coal and oxygen. The coal was the carbon of 
plants of former ages, whose growth demanded an 
expenditure of solar heat.’ 

Th® numerical equivalency between Cause and Effect 
can be measured in terms of a fixed unit. For instance, if 
an effect is measured to contain twelve units, and if the 

^ James Ward, Naiurallujn and A (jnoaticiam^ vol. ii. Lecture xiii, 

pp 76-77. 

^cf. Bain, Loijic : Induction^ 1896, p. 30. 
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amount of work created by tlie known agents or causes 
is ten units, it follows on the princi})le of the Conservation 
of Energy that we have still to find out causes having 
the capacity of two niiit-s to make u}) the total twelve units 
of the edect. The f'apacity of the cause must he the 
same as that of tlH‘ eliect. This princi})le is particularly 
useful in testing the (ulr(in<nnf of our explanations. 

I>ut one (litliculty (‘annot he overcome. Tlie ])rincipl(‘ 
exjdains ('au sat ion as t]u‘ tianshu- of J^'oree or Energy ; 
hut causation is not so simjde a ])rocess, it involves 
( 'olhtcafioii as well, which cannot he explained hy this 
}u in(apl(\ r>y C'ollocation is meant co-existence of causal 
t(uidencies in certain lelationsor the circumstances which, 
tlujugh not the determining cause, are yet necessary for 
the pi'odiKttioii of tlie (‘He(U. It is delined hy Lain as‘th(^ 
completing arrangement ’ or ‘ the lU'W arrangement of 
nuiterials For instaiu'c, a mill is turned hy the energy 
(U'cated hy a waU'vfall. JUit \inless the water is brouglit to 
lu^ar on the mill and the slui(‘es aie regulated, the mill 
will not work. Thest‘ two circumstances are, therefore, 
not energy hut collocation, similarly, if a ceiling-fan is 
])roperly lixial and its machinery is (piite in order, still 
It will not- move and give th(‘ much-desiied breeze unless 
the electric wiie is also connected witli it-. Here the 
])rim(‘ movin' is the electric (uirrent, hut the completing 
ai-rangenu'nt or ('ollocntion includes the connecting of the 
inaehineiy with the idectiic wires and allowing the 
rigulator to move from the zero point onwards. Thus it 
is said that the })rinci])le of Conservation explains 
(’ausation hut has nothing to say as to how the completing 
arrangements ((killoeation) are brought about. 

10. Causation Derived from Experience: Mill’s Proof 
oithe Law of Causation. — We have seen that the Law of 
Causation is the Inductive Postulate or the Ground of 
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Induction. Now tlie question is, can this Law be proved 
%ni the basis of experience ? The Rationalists say in reply 
that it cannot 1)6 so proved, that it is a''necessity of our 
thought;’ a self-evident and intuitive truth. The other 
answer, given by the Einpiricists, like Mill, is that the 
Inductive rostulate is decidedly a (jmeraNsation from 
exj^ericncc, 

Before criticising Jlill’s view we had better state it 
briefly in his own words. lie states the principle tlius — 

“ Every event, or the beginning of every phenomenon, 
juust have some cause, some antecedent, on the existence 
of which it is invariably and unconditionally consequent.'" 
Mill argues — “ If we suppose . . . the subject-matter of any 
generalisation to be so widely (hfns(d that there is no time, 
no place, and no combination of circumstances, but must 
aflord an example either of its truth or of its falsity, 
and if it be never foun<l otherwise than true, its truth 
cannot be contingent on any collocations unless such as 
exist at all times and places, nor can it be frustrated by 
any counteracting agencies, unless by such as never actually 
occur. It is, therefore, an em])irical law co-ex tensive 
with all human experience, at which point .the distinction 
between empirical laws and laws of Nature vanishes."" 

Elsewhere he argues while speaking of Induction by 
Simple Enumeration: It is “delusive and insufficient 
exactly in pi’oportion as the subject-matter of the observ- 
ation is special and limited in extent. As the sphere 
widens, this unscientific method becomes less and less 
liable to mislead : and the most universal class of truths — 
tlie law of causation, for instance, and the principles of 
“ number and of geometry — are duly and satisfactorily 
proved by that method alone, nor are they susceptible of 
any other proof/" ^ 

* ‘‘ A System of Logic f Book III. cb. xxi §3, 
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Thus, Mill attempts to prove the Law of Causation 
on the basis of Induction by Simple Enumeration. 

11. Oriticis'in of MilPs Proof.— But the metliod 
of Simple Enumeration cannot give us the categorical 
certainty tluit is im].)lied in the ITinciple. The defects 
of this metliod have already been pointed out. Unlike 
Scientific Induction, it is uiianalytic, and cannot, therefore, 
lead to the discovery of the regularity and interconnexion 
which underlies the variation and looseness of 

])henomena. It is powerless to determine the unifoimity 
which transcends the apparently infinite variety of 

})henomena. It cannot explain the existence of negative 
instances and a horde of exceptions that aie met with. 
Hence the ITinciple of (.’ausation cannot be established by 
indmitio iiev enumeratlonevi Hiinjdicem, 

But, it may be contended that possibly Mill had in mind 
the analytic method of Scientific Induction by which to 
prove the Causal Law. That would certainly be less 

open to objection, since the drawbacks of Simple 
Enumeration vanish in Scientific Induction. On its 
basis, the proof will be satisfactory. But there is one 
serious objection. If the Ihlnciple of Causation is 

proved by Induction, we have no right to set it up as 
the Standard or Ground of Induction. What is itself 
an induction cannot, at the same time, be the Criterion 
of Induction.^ As the Standard of Induction, the 
Principle guides us in distinguishing between a genuine 
and a spurious induction, between legitimate and 
illegitimate inductive explanation. That being so, how 
could the Principle itself be derived from Induction ? 
The inconsistency is obvious enough. 

Again, Scientific Induction proceeds on the assumption 
that the exceptions we meet with are more apparent 

^ W. R. B. Gibson, op. cit. p. 45G 
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than real, that there^ is more of law and inter-relation 
in phenomena than appears to us at first. But this very 
assumption, the Inductive Postulate, is, according to Mill, 
a geiieralibfition from ex})erience. Evidently, it is an ex- 
ample of the fallacy of pditio priticipiL While attempting 
to prove that the principle of causation is derived from 
experience, he is compelled to assume that it is found 
in the facts in order to make Induction possible. But 
Hume had clearly pointed out that the causal connexion 
could not be found in the facts of experience. The 
empiricists first read it ruto the facts btdbre extracting it 
from them. Hence, the fallacy is obvious. On strictly 
experiential grounds the causal connexion turns out 
a mere ‘ fiction.’ Experience furnishes us with no ground 
wliatsoever to extract the princijde of causation. 

12. Causation as a * Necessity of Thought/— If 
causality cannot be derived from experience, it must be 
explained as an a priori princi})le, whicli exists in 
the mind as an intuitive or self-evident axiom, and 
accepted as an ultimate necessity of thought. It 
is that principle which makes our experience possible. 
According to Kant, it is a structural necessity of our 
mental constitution. According to Selio])enhauer, causal- 
ity is no less a pure perception than Space and Time ; 
without Space, Time and Causality our experience is 
impossible. This, however, leads into the intricacies 
of Metaphysics, which we need not discuss here. We 
have shown how it is impossible to derive this notion 
from experience, which means that it is not a posteriori 
If so, it must have existed before experience, in the sense 
of making our experience possible. Logic has to acce^jt 
it as an a priori axtom without inquiring into its 
ultimate significance. This is the rationalistic explana- 
tion of the origin of Causality, and appears to us as sound. 
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r>iit fi'oin the ])ra,,ir!iiatic staTn.l])()int, there is room 
for criticising- this tln'oiy. Dr. Scliillcr, for in!^tanc(% 
assa-ils it on tl\c following- grounds^: — 

(1.) The theory is no explanation of onr‘l)rocednre. 
Why assume an uUinaflc necessity of thought implying 
thorehy a limit luyond w'hich no further discovery 
was ])ossihl(‘ ? Is this not dogmatasm ? It is (piite 
])ossihle tliat our ' ultimah* f:i('t ’ may turn out to h(* 
wrong. “ IhuKiC siudi things as ‘intuitions,’ ‘ nccessiti(‘s 
of thouglit,’ ‘ ultimate facts of numtal structui-e,’ etc., 
should only he n'garded as ]u-ovisi(jnal halting-places 
of the s('i(mlilie. anal\st> and ]HM-manent struct uiu's of 
dogma shoidd not- h(‘ huilt on them.” Now, we may 
say in r(^j)ly that this criticism is ])(‘rfectly true on tlu^ 
])ragmati(; basis of ‘ provisional and relative truths,’ 
hut W(‘ \i(‘w them as ])au'tial asp(‘cts of Absolutes 

Truth : henc(‘, our standpoint being ([uiti^ dilTermit, this 
criticism do(‘s not t-ou(*h us. The piagmatist is one with 
us in holding that the (*ausal pi’inei])le is not derivable 
from ex})(‘ri(m(M^ : this lea\c‘s only oiu' other alternative, 
rr:., to regard it as an a priori principle. It is mor(‘ 
than a nu're postulati^ : it is an axiomatic truth, derived 
fiom lh‘uisoii and corroboralcal hy Kxp(ui(ui(a‘. 

(2.) Dr. Schiller admits the ability of the apriorist 
theoiT to account for some ])oints in our causal analysis 
that nonplussed the enipii icisl “ If we an^ so constructed 
as always to impoit the idea of causation into our 
experience, it is a matter of course^ that we shall regard 
it as universal, and have the utmost contideiice in it, 
until at least we learn from ex])erience to distrust it”. 
Hut, it is alleged, the rationalist theory fails to account 
for several facts, ejj., the following: — 


^ of. Schiller, ap, cit. p. 200 ft. 
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(if) 

(/') It fails tcv explain the distiiietiou between 
rasual and antml sequences. How to explain 
‘ chance ’ ^ 

Our ahswer is, that althouj^di we admit the distinction 
in popular languapre, there is no room for it philosoph- 
ically. Thcrc^ is no such thing as ‘ cham^e What 
appears ‘ c.asual ’ to a limited vi(*w (urns out ‘ c'ausal ’ 
if viewed in the complete scheme of reality. If 
Aristotle enumerat(‘s ‘chance’ in his list of ‘causes,’ 
such inclusion is more from th<‘ ordinary than the 
strictly ])hilosophical standpoint. We hold that tla^ 
rigour of causality is such as not to allow anything 
to hap[)en by ‘chance.’ 

(//) “ What about the fut ure ? Wliat is to guarantee' 
on this theory ('ither t hat oui* mental stnuitun? 
will nunain unchanged so as to continiu^ 
to import causality into its view of experience, 
or that tiie course' of nature will (iontinue 
to conform itself to th(‘ nature of our mind ? 
Rationalism iiere seems as impotent as 
funpiricism. It can never give us an 

indefeasi))le assurance so long as it dares 
not deny the possilulity of change. And if it 
d(mi('d that, would its dogmas continue to be 
applicable to the world of our ex])erience ^ 
{'ibid). 

Wo reply that such scepticism cannot invalidate our 
theory. That we shall above all (continue as ‘human 
beings/ and that nature will continue to conform itself 
to our mind in order to make our knowledge possible is 
guaranteed by nothing else than Reason. Rationalism is 
not “ as impotent as empiricism Empirically, there is no 
necessary comiecion, as Hume pointed cut, and we could not 
predict the future at all, neither could we speak of the 
E 
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cause as invariable. l>iit the ideolistic standpoint is 
entirely different. We may, for instance, compare Hume’s 
and Kant’s standpoints thus — 

Humk argued : Kant argued : 

Experience has no necessity. Expeiiiiice has no necessity. 

The Causal Ih’inciplc is derived The Causal Principle has 
from experience. necessity. 

It has no necessity. .'. Jt is not derived from eX' 

pcrience. 

It is Iteason that guarantees the truth of our universal 
judgments and it is Itcason that justifies our ])rediction 
of tlie future liationalism does not deny e]ia'n(j<\ but 
at the same time it does not view it as ultimate 
and absolute, lii order to make cliange possible, there 
must be something changeless as its substrate. 
Piatioiialism, indeed, gives greater assurance than the 
wholesale sce[)ticism of the Pragmatist. 

(in) “ Jf it is true tiuit human interference does 
nothing but vitiate ‘ fact ’, tlum the theory of 
(Causation is certainly one of the nu)st 
magnificently irrational ])arts of an incredible 
scheme of things (ibid) 

We do not deny that human personality does to 
some extent vitiate the process of analysis, but its effect 
is reduced to almost zero, if we extejid the scope of 
observation, if the results are based on the olx'^ei vation 
of a large number of persons. We regard Humanism 
only as a factor within Absolutism. 

13. Causation as a Postulate : Pragmatic Standpoint.— 
According to Pragmatism, there is still a third alterna- 
tive, Causation is neither derived from Ex])erience nor 
from the necessity of Ileason hut from Postulation. All 
axioms are really po>itidates at their root.^ “ Postulation,” 
writes Dr. Schiller, is a well-defined and typically 

* Oil this view read Dr. Schiller’s excellent contribution ” Axioms 
aa Postulates ” in Personal Idealism^ edited by Sturt, Oxford. 
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h.nrnan way of obtaining general propositions which, when 
tln^y },^ave been sulticieiiLly verified in use, may attain the 
higliest degiee of certainly and be looked apon as axio^ns, 
1'he principle of causation is one of tlie most valuable 
and characteristic of our postulates lie further claims 
that Postulation explains all the facts, which the other 
two tlieories failed to account for: — 

(i). This view recognises the selectivcncss of our 
thought. 

{it). As a })ostulato, the causal principle “ combines 
the strength and a\oids the weakness of its 
two com])etitors, and is far more plastic and 
adaptable than either.’’ 

(iii). It accounts for the distinction between casual 
and causal succession, and recognises the 
existence of the foinier. “ A casual series 
of events is either one to which for some 
reason or other w^e refuse to apply the causal 
postulate, or one which we purpose to analyse 
into a number of distinct causal series”. 

{iv). ‘Chance’ is easily ex])lained Whatever does 
not interest anyone can be left without a 
‘ cause ’, or if pressed further w^e may assign 
‘ chance ’ as its cause. 

(v) . Postulates refer to the future and anticipate 

further confirmation. It is obvious that we 
should gain nothing by assuming that in 
future the course of experience will be such 
as to defy causal analysis 

(vi) . One serious objection to the principle of 

Causation is that the causal succession can 
never be said to end, and that it lands us in 
a Tcgressus ad infinitum. This objection 


^op. cit.^ p. 293. 
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vanishes only wlien we treat Causation as k 
I’ostnlate. ‘(-ause’ and ‘Effect’ are .both 
selc^etions made for human jjurpo.ses and 
interests: hence we (-an sto]> anywhere — a.s 
soon as we arrive at a ‘cause’ tliat answers 
th(* ])ur})Ose of our iiujuiry. In this way 
th(u-e is no infinite regress possi))le. 

14. Aristotle’s Analysis of Causation.— We liave dis- 
e-ussed the doctrine of Causal ioii in its seveial aspects 
and ha\e examined various d(dinitions of ‘cause’. One 
thing is e\ident ; theie is no agrecnnent, even in sciences, 
as to the sense in wlncli the tei iu ‘ (‘ause ’ is to ])e 
understood. A cause may mean any of the following : — 
(/). An antecedent, r.//., lightning may be said to 
be the cause of thunder ; striking the hamiinu’ 
oi’ pulling the ti’igger, the cause of gunshot. 
{ii). A conse({uent., ej/., 1 take exerci.se for tln^ 

sake of my health : health is tlierefore the 
(tause of taking exercise. Similarly ])ros- 
])eetive ])lea.sure is the cause of my attendanc(‘ 
at a theatre or a musical concert. 

(///). A law, r.//., gravitation is the cause of the fall- 
ing of bodies or of their weight. 

(/»’)• A ])ow(‘r, e.ij., a running stream may be utilised 
as the })OW(n’ to turn a mill. Similarly a 
waterfall may be utilised in generaiing 
electricity on a large scale. 

(r). A person or agent, e,g,, a carpenter is the 
cause of the furniture that he makes ; a 
sculptor is the cause of the statue that he 
carves out of stone. 

(ci). An identity, e.g., ornaments are made of gold 
and not of clay ; earthen jars and pots are 
made of clay, not of gold. 
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’ Aristotle was aware of this coiifiLsioii in the meaning 
»of the word ‘cause’; whicli he viewed in gcunual as soiue- 
thing which positively (tontrihiited to diie existence of 
something else ; and iii order to remove sucli amhiguity 
he made an attempt at a logical analysis of causation. 
He distinguished kinds of causes; r/:., Formal, 

Matkrial, Ki'FKMKXT and Finai.. I’he first two are known 
as iiitrinslc, siiu^e they enter into t he constitution of the 
thing itself, while the last two arti termed eArinsic, The 
Four causes may he illustrated in the ty})ical exain})le of 
a statue. The formal cause of the statue is tlu^ conditions 
which constitute it, /.c., the form oi- ty))e in the mind 
of the scul]>tor ; the male rial causes is the matter of which 
it is mad(L niaiTle, hronze, et(t. ; tlu^ iffeient (auisc is the 
scul})tor himself, the ])ower which changed the marhle into 
a statu(‘ ; and the f na! cause' is the' e'liel for whieT the statue 
was made, ejj., honour, i)roHt, et('.. The' same' ap])lie‘s to 
every material thing. Take this hook on Le)gi( 5 : formal 
cause* — the ide'a of the l)e)e)k in thei niind of the* authe)r ; 
mairria! c;ause — pa})e'r; rifivirnf causes — t he* autlieu' himse'lf : 
and (^ause — lite*rary fame^ or linane'ial siu'cess. 

Now, when the hoe)k is ce)m])lete‘el, the^ elliejaey of the 
e/ficlrnl anel fnial causes is at an end. Die* hook has 
become wdiat it is, through theses causes, hut they" are* not 
necessary feu* its mere existence*. The^ he)ok may exist 
when the author is no more*, anel, also, after the e'lid in 
vie'w is re'alised. Ifenc(3, theses tw'o causes are^ called 
extrinsic. The other two eaiuses, how'evei’, e/^., the formal 
and the material, may he calle'el the causes of the hchig of 
a tiling.^ Without the o])eration of e'ithe^r ejf these e.-auses, 
the effect would cease tee e?xist. If the shape of the 
hook is destroyed and it is I'educed to pulp — />., if the 

* This distinction was rocognised in Scholasic T^ogic as that 
between the cauna in fieri (cause of hecoiniiu*) and the conm in eifm 
(cause of being;. 
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formal cause ceases — the book will no longer be a book.* 
And, if it were made of any material btlier than paper it 
would also no loi^(i;er be a book. With this distinction in 
view, it is easy to understand the meaning of the Scholastic 
living “('KSSANTK CAl'SA, CKsSAT EFFKCTUs”: w hell the 
;aus(^ c('ases, the effect cea^(\s. 

Mill ciiticised it in the following passage: — “Yet 
there were at all times many familiar instances of the 
continuance of dibits long aft)r their causes had ceased. 

* * * A ploughshare once made remains a })louglishare, 
without any continuance of heating and hammering, 
and even after the man who heatcnl and Iiammered it, 
has b(‘en gathered to his fathers.” This shows how 
Mill failed to umUasland tlie Aristotelian doctrine. Heating 
and hammering vverci necessary before tlie ploughshare 
was brought into sliape, not after it has heroine a 
ploughshare. The man who heated and hammered it is 
also no longc'r re([uired. Jhit the material and the 
formal causes c/v; necessary for the continuance of tlic 
effect. The [)loughshan‘, would cease to exist as such, if 
it were not made of iron or if it lost its specific 
sha]>e.^ 

The Aristotelian distinction is also helpful in several 
other ways. For instance, wlicn we speak of the 
reciprocity ()f the causal relation, we are not to mix 
up the formal and the efnient causes. It is the 
formal cause to which reciprocity apj^lies : wherever 

* Joyce also considers this example in bringing out the error 
in Mill’s statement and says : A thing ” hecomeK what it is through 
the final and the efficient causes. Hut as soon as we can say, of it 
that it b, it depends on them no longer : their work is at an end. 
(Ui the other hand, the material and formal causes are what make 
it to Z/f? a ploughshare Had ii been made not of iron, but of 
some yielding substance, it would not be a ph)Ughshare at all ; and 
if it should be melted down and lose its shape, it would cease 
to be one.” op. cit.y p. 247. 
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such cause exists, the effect must also exist, and vice versa. 
As Uoseph observes: — “If witli Aristotle we call the 
conditions which constitute anything the formal cause, 
and the"* event whose occurrence brings those conditions 
into being when they liad previously not all of 
them existed, the efficlnU cause, we may sny that the 
formal cause reciprocates or is commensurate with the 
phenomenon (as indeed anytldng must which can in 
any sense ])e called the delinilion of it : and the 
conditions into wliich it can b(^ analysi'd may be called its 
definition) ; while the elficient cause seldom reciprocates.”^ 
Aristotle’s bjurfold di^tiiHition is also useful in 
defining terms. 'J’hus we have t'ausal Definitions — those 
that define by indicating eitlier (/) the final cause, 
or (d) the efficient cause. For instance^, we define (a) 
a Pistol as a small w(‘apon used for filing at a short 
distance; an Electric Fan as a mechanism with two 
or more blades used as a comfort in tlie hot weather; 
(b) Ague as an illness caused by t\w. J^/as/ooiltirm br 

reaching the blooil direct through tlie bites of mosquitoes, 
or indirectly through infected watm’ or air. Usscntial 
Definitions are, on the other hand, formed by the formal 
cause,- by stating the gmius and the differentia; and 
Genetic Definitions are constructed with refenmeo to 
the matm-ial cause. 

15. Threefold Distinction of Causality in Hindu 
Logic. — In Hindu Logic we have a threefold distinc- 
tion of causality. Causality is a reUdion, ( ), and 

may be viewed as Intimate or Coherent ( ), 

Proximate or Non-Coherent ( ), and Instru- 
mental ( )• The first kind may be illustrated in 

’ Joseph, op. cit , p. 451. 

^ cf. our KlometilH of Deduciivfi Lr p. G8 ; Joyce, op. cit , 
pp. 158-158. 
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llio case of ‘threads and (doth’: if there is no thread 
there is no cloth ; ‘ tliread ’ is the intimate eanse of ' cloth 

(t 

Simihirly (day is th(‘ intimate eanse of jar, pot, etc., 
wood, of tai)l(^ (dniirs, etc. Evidently it corresponds to 
Aristotle’s “ y//^(/rr/V// ’ cans(\ Th(^ second kind, viz., 
Proximate ())• Non-Intimat(i cause, may he illustrated 
l>y saying that, without tlic r.ouju nrtion of the two 
halv(\s of a jar, a jar eaiinot come into existence. Similarly 
threads might exist hut tluyv cannot pn^duce cloth unless 
tlu^y are ])ut together and ari-angial in llu^ ])roj)er ord(U‘. 
Tins c.ause is proxiumte to the Intimate cause, and is 

known as . We have not hing in Aristotle’s 

(dassitication exactly corresponding to this ‘conjunctive’ 
fumd.ion of causality. Put as the conjiinctun) of the two 
halves of a jar, for instance', is a necessary step for 
giving the proper form to the ettect (the jar), and as 
I’roximate ('aus(^ is ‘ intrinsic,’ we might compand it with 
Aristoth's Formal Cause. It dejiends on the way in 
which w(' view the sense of c(t)iji( notion, ddie third kind, 
viz., rnstrunu'iital Cause, is illustrated in the weaver’s 
loom or shuttle, without which cloth cannot he produced, 
although we may have thivads and their ‘ camjunetion’. 
In modern tilings handlooms hav^e hecome curiosities, 
and cloth is prejiared hy machinery. In that case, the 
machinery itself would he the Instrumental cause. Put 
even a machine cannot start itsidf, some agent is neces- 
sary for that ])urpose. Hence the agent may also he in- 
(duded under the Instrumental cause. Aristotle’s EtTicient 
(Jause may, therefore, be ])laced under this cat(3goryi Put 
in Aristotle such causality rests in human skill or the 
agent himself, while in Hindu Logic the Instrumental 
Cause may refer to several other things besides, as we 
have illustrated above. In illustrating the Instrumental 
cause, we may also take the stock example of the ‘jar.’ 
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Wliile clay is its inaierial cause, tlie conj unction of its two 
halves its proximate cause',' tlie stick 

with whiph the putter moves his wlieel, is said to he its 
in>it}'umrntal cause. This kind includes all things instru- 
menial in the production of an etlect other than those 
covered by the Material and the Proximate causes. In 
that sense, Aristotle's Kllicient and Final causes may all 
he included in the ' Instrumental' t*ause of the 

XyayaA^aisoshiua school. Jake Aristotle's ‘ Efficient ’ and 
‘ lanal,’ the Jnslrumenia/ Cause is extrinsic and does nut 
enter into the constitutioii of the eirect produced. Thus 
an elVect may survive tlu' destruction of its Instrumental 
cause. For instance, after wc^avin^^ a })icce of cloth, tlu^ 
loom may be thrown into tire, or the weaver himself might 
die — still the cloth as siudi will continm^ to (^xist. On the 
other hand the (‘Ifect n(*cessarily ct‘as(\s with the destriut- 
tion of eitlau' of its ‘Matciial ’ a.nd ‘ Proximate’ causes. 

I'owards the end of Kanada’s Val sesh i ht-J )((/rs(t'na, 

we ha\e a further exposition of lh(^ thi(‘(‘ kinds of ('aiise. 
The ([uestion is t,ak(m uj): how do \\a know that a sub- 
stam^e is an Intimate (Coluuimt) ca,us(' ^ TIh^ answer is 
that such knowkslge is derived from the co-inhesion of 
the effect, i.r., substanc(‘ is infimatehf relatt‘(l to (df(‘(*ts, 
viz., compound substama's (-5^^^, ([ualil i(\s and actions 

Thus th(^ Intimates ('ausi' must always ref(‘r to a 
snhsiance ; it can tlierefor(' be calbal th(‘ ‘ MaUu'ial ’ cause. 

As regards the second kind, r/:., the Non-(a)h(n(Uit oi’ 
Proximate* Cause, Kanada explains that such causality 
resides in aetio/i { ), that actions nre Non-coherent 

"auses.- It is thiough co-hei'cnce in the co-lu'rent 

C;/ Kanada’s sutni : (X. 2. 1). 

-cf. (x. 2. ;{,i. iiotc tin- woni 

means 
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caine that such causality is recognised.^ It is therefore 
‘ Vroxiinate ’ \v4tli reference to the Co-herent cause. 
Then, again, Nou-C’oherent causality resides in iiualiiy 
as well, since (jualities coinhero in the same 
substance. “ The last hind, n>:., the Instrumental or 
I'dluaent Cause, is illustiaUal hy him in the production 
of colour, etc., hy baking on fire, d'ho difl’erentiating 
character of tire, heat — which is a special 

attribute of fire — is (through co-inherence with the con- 
junct) the Ihlicient cause of colour, etc., pi'oduced by 
baking.’^ 'I'lre gerreral definition of this tT 

kirrd of cause is a carrse other tharr tire Co-irrhererrt 
(Material) and Xon-C.’o-irrlrererrt (*airses. 

15. Principal Theories of Oausatirn in Hindu Logic. — 
We have already discrrsscd the views of (airrsation as 
se([irerrce arrd coe.xisteiree respectively. It irraybeof some 
irrterest to see how this jrrobleirr was treated irr Hirrdu 
Logic, ddre Nyfwa- Vai^eslrita systenrs of Gotarna and 
Karrada adopt the enrpirical standpoiirt, whiletlie Sankhya 
and the Vedanta of Kapila and Vyasa elaborate the 
idealistic poirrt of view."* Tlnrs there are two pthrcipal 
theories ; the orre rrraintained by Gotarna and KanaJa 
is krrowrr as ‘ the doctrirre of the rroir-reality of elleet ' 
(A.satkaryavada that of Kapila and Vyfrsa 

as ‘ the doctrine of the reality of effect ’ (Satkaiyavada 

'cf. (X. 2. r. , Conjunc- 

tion through ‘\)-inlierence in the Co-inherent cause is the Non- 
coherent cause of an effect, such as a piece of cloth. 

'cf. “crai (X. 2. 4). 

'of. ” (x. 2. i). 

'* Each of the Hindu Systems of Philosophy contains bogie, 
along with Epistemology, Metaphysics, Psychology, etc. cf. our 
Elements of Deductive Logic, Appendix II. p 
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The following is a vei*}^ brief statement 
of tliese views : — 

Kanada and Gotama \s Empirical Tlieory of Causation : — 
Thesis : Cause and Ellect stand in the relation of 
se([uence and can never be identical ^ 

Proofs : — 

(1.) Cause and Ellect appear in our consciousness 
as se])arate ( ). w e never 

identify a ])iece of cloth with the threads 
of which it is made. Wluui so niad(‘. we do 
not look upon it as ‘ thn^ads arranged in a 
certain order ’ but as ‘ cloth.’ So too, a 
jar is not identical with its cause clay. 

(2) They are denoted by dido'ent words ). 

No one speaks of ' threads’ as ‘ cloth’, and 
rice versa. 

(3) Their functions are dillerent ( ). Only 

a jar and not a lump of (day can he used 
for (tarrying water ; and a wall (ian be built 
of clay and not of jars. 

(4) They are characterised by se([uenc,(^ in time 

( )• Cause is always the antece- 

dent(^^'|)and Ellect tlie conse(pumt 

This is taught by our everyday experience. 

(5) They are distinguished as to tladr form 

Clay exists in (dodsand lumps, but its 
ellect, the jar, is round and hollow. Resides, 
the jar may be destnjyed, while the clay con- 
tinues to exist. 

(6) Also as to their number ( )• Mamj 

threads produce one piece of cloth. 
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(7; If e;ms(^ and vv(‘rc identical, tlie ediciCnu'-V 

of the A^ent in bringinj^* alxiut an elTeet 
\v()\dd be ns(dess. Witboiit tbe ' instiai- 
Tiientality of tbe potter, (day will never 
inonld itself into tbe form of a j'ar. 

Tbe fundamental ])oint of controversy is discussial 
as follows — 

Asat-karya-vada : tIk^. effcH.t ( ) is non- 
existent ( ) Ix'fore its creation. 

The activity of an aj^cmt creat(‘S a kind 
of n(‘w eff(‘ct from the cause, in wbieb it 
did not exist before tbe operation of tbe 
aiL^ent. For instaiu^e, a jar, althou^di made 
of clay, is non exisUmt r/a/f jar before tbe 
potter moulds tbe (day into tins form. Tbe 
])ottor creates a n(‘w effect ( ) from tlu' 

(day Hence, ])rior to its ])roduction, 

tbe effc(d/ as siudi is This view 

is rejected by tbe idealistic scdiool : — 

Sat-karya-vada : The effe('t ( ) does exist ( ) 

ev(m before its manifestation as siu b. Cause 
and Kfh'ct are identical. 

’ This is the (l<Kariiie of ihc Nyriyji'Vais’t'sInka. cf. Kaiiada's 
siitra aX.T.r). Timg whic^li means "An 

effect is non existent before its ])roduction, since actions and quali- 
ties are not asserted (^f it.” If tbe effect were existent duriii" that 
time, actions and qualities would be predicated i^f it, as they ai‘e in 
the case of an effect ajUr its |>roduction. Hut there is antece- 
dently no such assertion of (pialities and actions, as is after the 
])roduction, e.<f. of the jar, such as ‘ the jar is at rest ‘ the jar is in 
motion ‘ it is of a black colour’, etc. Hence the Idealistic 
Doctrine of the pre-existence of an effect in its cause must he 

rejected. Thus 
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* Nw'n-exi.steiipo can never bo transferred into existence. 
If the effect were absolutely noii-exis4ent before its 
productirvi, it could by no means be brought about. We 
can, for example, extract oil from inustard-seeds, but 
never from sand. P]v(‘ry efb'ct exists potentially in its 
material cause, and is otdy nuniifrsfed as such through 
the aeti\ity of th(‘. agent. The jar in question exists in 
elay even ])rior to its being moulded as such ; the 
potter’s activity is only a suitable occasion for its 
manifestation as a jar. Reing and Non-being an' 
notTnntually reciprocating : one cannot be transformed 
into the other,^ 

The Empirical school would again reply : — Ai^at-kdrjia- 
vdda : The abova argument is unsound. If the etfect 
exists in the cause prior to its production as such, tlu' 
agent’s activity would become (piite purposeless. If it 
is said in reply that siich activity is directed towards 

the rnrail/fdatimi ( ) of the effect which is 
latent in the cause, it means that in addition to the 
effect “jar”, another effect, viz., “manifestation” has 
also come into being through the agent’s activity — in 
case it is denied, it is impossilde to perceive the 
manifestation of the jar. Well, then, this will lead us 
to an infinite regress, since we can demand “ manifesta- 
tion ” of “manifestation”, and again a “manifestation” 
of that, and so on. If on t.he other hand the “ mani- 
festation ” of “ manifestation ”, is denied, then doubtless 

^ 

In this way the antecedent iion-existcncc ( ) of is 

proved. Thi.s sums up very briefly the xVya>a- Vaiseshika stand- 
point of Causality. 

’ Neither non-existence is brought into being nor is existence 
ever made noa-existeuce : “ ST ^ ^ 

also cf. (Gita) 
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tlicre is no infinite regress but then we should always 
perceive the jar qua effect ; but that we do not — hence 
the effect does not co-exist with the cause. 

This is again answered by the Idealistic school as 
follows : — 

Sat-karya-vada.- But there is no special law regulat- 
ing the “ tnanifestation of the jar through the agent’s 
activity. For instance, a lamp, which is admittedly the 
agency by which the forms of various objects are 
manifested in a dark room, observes no special rule in its 
operation — anything tint is near it is manifested — 
similarly the potter s . activity is not necessarily connected 
simply with the manifestation of the jar : while the 
activity is present, the form of the jar is itself manifested 
out of the clay. Hence, the effect is identical with 
the cause.^ 

We shall not follow tliis Discussion further, as it is 
more of the metaphysics of Causality. 

16. Principle of the XTnilormity of Nature. — It is 
usually maintained that besides Causation there is another 
principle, called the Uniformity of Nature, which is also 
a necessary assumption of Induction. Before discussing 
the relation between the two principles, we shall first 
explain the meaning of the ‘ Uniformity of Nature, which 
is also called the Uniformity of Causation. 

The Principle may be variously enunciated as 
follows : — 

{%) The same cause will always produce the same 
effect.^ 

( ) 

* Its converse is the Reciprocity of r ause and Effect : 

* Every effect has always the mmt cause * (i.e., reciprocates with 
the cause). 
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(u) Nature repeatJs itself : it is always uniform. 

\iii) The future will resemble the past., 

(iv) Nature is governed by Laws. 

Now, is it true to say that Nature is uniform? In a 
sense, Nature is never uniform. It is a continuous Hux, 
an uninterrupted How of happenings, whose movement 
cannot be arrested at any point even in thouglit except 
by picturing a false view of it. The cinematographic 
representation of the process of change is entirely false 
and misleading. No two movements are ever alike, no 
two men are absolutely similar, no two leaves or pebbles 
are an exact prototype of each other, the past never 
repeats itself, and you cannot jump in the same river 
twice. That is perfectly true so far as it goes, but 
change cannot explain the phenomena of nature ; it 
cannot exist except on tlie basis of identity. If change 
were the ultimate fact, and no identity existed, nature 
would be entirely without any system or law, and at 
every step we should be confronted with novelty. For 
w’ant of identity all recognition would be impossible ; a 
brother will not be able to recognise his brother, the 
father his son ; water which is cold now may burn my 
finger at the next moment ; and all knowledge would be- 
come impossible. The fact is that change and identity 
are relative terms. With mere change the universe would 
be a place of mere surprise and novelty, and with bare 
identity it would be a block universe, lifeless and petrified 
as it were. There is identity in change — or aydematic 
identity. The general conditions in which change realises 
itself do not change themselves ; if they did, the very 
notion of change would vanish. The past does not 
repeat itself in the absolute sense; since an absolute 
recurrence of facts is impossible. From the standpoint of 
Absolute Idealism tlie distinction between past and 
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future does not hold ; they belong to one syde'tn. What 
the Principle of Uniformity maintains is that so far as 
tilings are qualitatively the same they have the same 
attributes, and so far as conditions precisely the same in 
kind occur, they must, if there is such a relation as 
(‘-ause and effect at all, have the same effect.’ As Joseph 
aptly remarks : — “ To suppose that the same cause — 
other things being equal — can have different effects on 
Ivvo occasions is as much as to suppose that two things 
can be the same, and yet, so far their attributes 
different 

Without the assumiition of Uniformity, the organisation 
of all our knowledge and exporien(*e would be impossible, 
and the universe would be unintelligible and ii rational. 
Mach makes the following observations on this point : 

“ In the infinite variety of nature many ordinary events 
occur ; while others appear uncommon, ])er])lexing, 
astonishing, or even contradictory to lla^ ordinary run of 
things. As long as this is the case we do not possess a 
well-settled and unitary conce])tion of nature*. Thence is 
imposed the task of everywhere seeking out in the 
natural phenomena those elements that are the same, and 

^ op. rti. ]). ,‘i7S : — “To say that the same tliiim acting on the 
same thing under the same conditions may yet jiroduce a different 
effect, is to say that a thing need not be what it is. But this is 
in flat conflict witli the [jaw of IdentitN. A thing, to be at all. 
must be something, and can only be what it is . . It may be 
replied that no two things ever are the same, and that no one 
thing ever is the same for two successive moments. The fact of 
change is not dis])uted, nor the difficulty of finding two things 
that are (pialitatively the same. But if the effect of the second is 
different, that must be because of its (pialitative difference from 
the first, and not merely because it is a second ; and so far as it is 
qmilitativelv the same, tlio effect must he the same also : It being 
understood of course tlnit to sameness of effect <iualitative 
sameness is 0 (iually necessary in all the material conditions. To 
deny this is to denv the jmssibilitv of reasoning altogether.” 
(ibid.) 
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tbut amid all multiplicity are ever present. IJy this 
means, on the one hand, the most economie^il and briefest 
des(iription and communication are rendeied possible : 
and on the other, when once a person has ac(|uired the 
skill of recognising tliese permanent elements throughout 
the greatest range and variety of })lien()mena, of seeing 
them in the same, this ability leads to a (vmpnhafdir, 
co'uq>ad^ consLstoit, and/er/Vr concepiion of fticfn. AVhen once 
we have readied the point where we are everywhere 
able to detect the .seyar few^ sim])le ehuiients, combining 
in the ordinary manner, then they appear to us as things 
that are familiar, we are no longer surprised, there is 
nothing new or strange to us in the ])h(nioniena, we feel 
at lioine with tlunn, they no longm* jierplex us, th(‘V 
are exjilained. ” ^ 

17. Mill on the Uniformity of Nature. — Mill liolds 
that the Principle of the Uniformity of Nature is implied 
in all inductive inf(*ren(a\ lie writes: — “We must first 
observe that thei’e is a [irinciple implied in the very 
statement of wliat Induction is ... namely, that what 
happmis once will, und(*r a suflicicmt degrta^ of similarity 
of eireumstances, haptien again ” (Pk. III. (’h. 3 !^1). lie 
further tells us:— “Every induction may Ix^ iJiiown into 
the form of a syllogism, by •"^iipl>lying a major ])remiss. 
If this be actually done, the })rincij)le vvliich we ar(‘ 
now’ considering, that of the uniformity of tin* cause 

’ Aljich, Sriencf' of MfrJuums, Irans, j)|). a-O, (luoted In 

Welton. a/i. i'tt ii., }>. 0. 

On the various interpretations of Pniforinitv of Nature 
see also Kosainpiet, I. Oh. VI f. There the purely ineehani- 

eal, tlie (piasi teIeoIo"ieal and the really teleolo<^ieaI views art* 
distinguished. T. H. Ofreeii, Dr. HosarKjuet and several others 
speak of the Utuiif of instead of tin* ! 'tN/onntif/. Tliey 

liold that unitff imydies niuformUif. Tin* view is (piite consistent 
with Absolute Idealism. 


Y 
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of nature, will appear as the ultimate major premies 
of all inductions.” (;ihid.y 

According to Mill the Uniformity of Nature consists 
of several uniformities. These he divides under two 
heads : (1) of Coexistence, and (2) of Succession. Of the 
iirst he instances the laws of nuinher anil space; and all 
uniformities which do not come under the second head. 
Natural phenomena coexist in space. The law that 
all tliiids have l)Uoyancy is an induction of coexistence ; 
so also the law tliat all metals are good conductors 
of electricity. This means in general that the attributes 
of a thing coinhere in it, or coexist with it. AVater has 
certain ])roperties ; wherever there is water, the proper- 
ties will also be there — this is a uniformity of co-existence. 
Then again, in Geometry, for instance, we have the truth 
that any two sides of a triangle are together greater than 
the third. Thus wherever a triangle is formed, the law 
will hold good. 

On the otlier hand, the Uniformities of Succession are 
tho.se in which a certain phenomenon is universally fol- 
lowed by another phenomenon. To these is given the 
name of Catimiiour According to Mill, therefore, 

‘ Whately also declared tliat every iridnctiori was a Hyllo^ism 
with the major i)remiss suppressed ; and, when su])plied, the major 
premiss lays down : ‘ what holds true of this, that, and .so on, 
holds true oP all similar cases.’ cf. “The universe, so far as 
known to us, is .so constitute<l that whatever is true in any one 
case, is true in all cases of a certain description ; the only difficulty 
is to find what desciiption ” [Mill, op. cit. III. II]. 

' According to Bain, the Uniformity of Nature may be distri- 
buted under three heads, (1) Coexistence (as Coinherence o^ 
Attributes), (2) Succession (Causation), and (3) Equality. Induc- 
tion has to deal with these three cases only, and we are further 
told that in the actual workin«f of Induction, we find it to be 
almost entirely absorbed with Causation, Vklf, Bain, Logic ; 
Induction, ch II. 
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Caussition is only one kind of uniformity, ami is not 
synonymous witli the Uniformity of Natme. 

Mill cl^nives the Principle of tlie Uniformity of Nature 
from experience. He says, tlie Principle ‘‘ is itself an 
instance of induction, and hy no means one of the earliest 
which any of us, or which mankind in geneial, can 
have njade. We arrive at this universal law hy 
generalisation from many laws of inferior generality. , . 
As, liowever, all vigorous })ro(‘esses of induction 
presup])ose the gtmeral uniformity, our knowledge of tlie 
])aiticular uniformities from which it was first inferred 
was not, of course, derived from vigorous induction, but 
from the loose and uncertain mode of induction jn'v 
ennineraf ionnn ^ 

This means that first we discover ‘ ])articular uni* 
forinities’ as ennmeratlce imluctions, whi(;h are, for that 
very reason, bound to he mor(‘ or less hazardous generali- 
sation, not of much value for science. And then we 
ascend from them to the ‘ genera,! unifoiinity.' Thus, 
Mill teaches that our belief in the Uniformity of Nature 
is ultimately derived from observation of facts. 

Put the inconsistencies and dilliculties of this position 
are obvious. We have already tieated them in connexion 
with C'ausation. The same objections ])ractically ap[)ly 
to IVIill’s derivation of Uniformity from observation. 
Mill’s attem[)t breaks down. The Principle cannot be 
derived in this manner, and if it were an induction itself, 
how could it be taken as the (fvoitnd of induction. 
Sigwart says: — “If we had needed merely to ojien our 
pyes in order to see ‘ uniformity in the course of Nature’ 
everywhere before us, belief in the thorough going con- 
stancy of the way in which causes act would not have 
been so slow to arise nor have been still only a scientitic 

Up. cit., Bk. HI. ch. 21 §2 
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and iu)t a })opular belief . nor would the tendency feo 
niak(; caprici((Hi8 powers, demons and gods, responsible 
for what lia])])i'ns in the universe have been so deeply 
rooted/’^ 

From th(' Fragiiiatic Standpoint it is (daiuKal that tlie 
truf* meaning of th(‘- Princi])le makes it (piiti^ unmn'essary 
to assume tlui task of explaining how it could be deri\'ed 
from experi('nce. Th(‘ Prin(dj)le should not be taken 
for mon^ than th(‘ statenumt of Uu; i luJ iidi rr. prohlrni, 

‘ how to find a correct general descri[>tion for all cases 
to \vhi(L a given ])a.rticular inference should be extended 'f 
Furtlnu*, as Sidgwick says, the Princi]>h'. (xan hardly i)e 
treated as an (U'iom, sin(ie“it is indisputable only because' 
it carefully avoids making any assertion which can 
b(\ tested in (‘xperiemax”- 

18 . Relation of Causation to Uniformity of Nature.— 

Logicians, as a ruh', declare these two l.aws to be two 
differe'nt things. We have already se(*n how Mill, 
Lain and others look upon Causation as a sjeecics of LLiifor- 
mity ; ij\, all causation is uniformit y but not all uniformity 
causation — only that of ,sffcrrssLo)i is so. It is usually 
said that the Principh' of C'ausation is by itself in- 
sutlicient as the Ground of Production, and rests on that 

* Si^wart, Lot/ir (En^^ Tnin.s. ii. p. ]ii.) 

“ A. Sidgwick, op rit. p. 122, also of. “The Uniformity of 
Causation, thoui^h it enunciates a sound methodological rule, is hy 
no means the absolute and intractable principle that has been 
supposed. Instead of guaranteeinjj the uniformity of events, it 
is the latter which ^ives it a meaninjLf and a status in the world of 
reality.” — Schiller, op, cit., p. .‘UKh 

‘‘The whole value of the Principle of frniforniity consists ,jn 
its furnishin^j; a formula for the extension of our other beliefs 
beyond our actual exyicrience. Transcendcntalists, indeed, call it 
a form of Reason, just bec.ause it is presupposed in all knowledge; 
and they and the Empiricists agree that to adduce material 
evidence for it, in its full extent, is impossible ” — Carveth Read, 
op. cit., p. 204. 



. PRESUPPOSITIONS OF INDUCTION 85 

of • the* Uniformity of Natnro. That is to say, we may 
grant that ‘ ('very event has a, ea,ns(' ' ( C^nrration). hut it- 
does not hjlow from it. that ‘ the same(‘aus(' must always 
produce the sanu'. (diect ’ /Uniformi(-y of Natur('), and 
that ‘ the etlecd. re(d[>rocat(‘s with the (muse ’ (Ih'cdpnK'ity). 

We, howevi'r, hold that the 1‘undamental axiom of 
Induction is the Principh' of Causation, which coxers 
that of Uniformity of Nature as its corollary, and that tin' 
two ])rincipl('S cannot, he tr('at(‘d imh'pemU'iitly of (^acdi 
other. Instead of ‘Causation’ lost-ing on ‘ Uniformit/y,’ 
it is the latter which depends on tin' fornn'r. To ])rove 
our contention we hav(' to ])oint out tin' si'i’ious inconsis- 
tencies that follow from t-lu' position that ‘tin' same (‘ause 
need not always prodmic the sa-uu' (dh.'ct, neither may tln^ 
same effect Ix' always produced hy the same (’aus(\’ In 
other words, we have to examine tlu' position that a 
cause may not act uniformly. ‘ 

We maintain that the very notion of caus(^ neiM'ssarily 
involves the id( 3 a of uniformity : that a cause must neces- 
sarily act uniformly. To deny this is to deny causa- 
tion itself. The causal (connexion is a m.'cessary con- 
nexion, and therefore a universal (jonm^xion also. If A 
and I> are causally related, it follows tliat A anist 
produce P>, and 11 must he prodiKaxl hy A. If they wen* 
not necessarily connected, the words ‘ ’ and 'produce' 
would he empth'd of all nu'aning. Anything would 
produce anything, the univm-se would be without any 
reign of law or order. If causation did not involve 
uniformity, no universal laws cjould he arrived at and 
g;eneralisation would he inip(jssihle. There would i)e no 
reason to conm^ct a change with any one rather than 
the other thing. The truth is that if A is the cause of 

‘ This point has been admirably worked out by Joseph 
op. cit. p. 380 ff. We a^rree with him in takim/ Causation to imply 
Cniformity necessarily. 



86 


INDUCTIVE LOGIC 


B now, it must be so always. For, as Joseph puts it, 
“if it can bei tlie cause now, and not another time, how 
am I even to tell wliether it is the cause now or not.” ^ 

If a cause did not act uniforndy, that is to say, if the 
same cause under the same conditions could produce 
a difterent edect, it would amount to saying that nothing 
possesses any determinate nature, which would contradict 
the Law of Identity. As Joseph observes; “A thing, to 
he at all, must he something, and can only he what it is. 
To assert a causal connexion hc'twcHui a and x implies 
that a acts as it does because it is what it is ; because, 
in fact, it is a. So long therefore as it is e, it must act 
thus; and to assert tiuit it may act otherwise on a suh- 
se([uent occasion is to assert that it is something else 
than the a which it is declared to he”, (ihid). Again — 
“ So far then from the causal character of a se(|uence 
being derived from its uniformity, its uniformity is 
derived from its causal character. AVe avail ourselves 
of the uniformity which must charaehu ise causal sequences 
so far as they are repeated, to dehu niine which of the 
sequences that we observe are causal ; and that is why 
the repetition of an event under diversity of conditions is 
of such assistance to us in determining what conditions 
are essential, or material, to its occuiTence.” (p. J77). 

The Law of Causation is otherwise called the Law of 

* op. rif p aTf). Jose])h thus sum.s up his ])osition. ” There is 
no need then to distinguish the Law of Causation from the 
Uniformity of Nature ; for a cause whicdi does not act uniformly 
is no cause at all ; and if we are lookinj^ for the ])resuppositions 
of inductive inference, it is plain that the only connexions whose 
existence would justify such inference are unifoim connexions. 
But two cautions must he "iven here. First, it must not be 
imagined that unih»rniity is the ///w/umcw/uZ element in the c(*ncep- 
tion of causal connexion, but veceuftif?/ or law. Secondly, we must be 
careful not to confuse a conditiopal with an unconditional necessity.” 
(p. 376). 
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Universal Causation, ^vhich correctly conveys tlie idea 
that causation must lie universal, and it can possess that 
character only if it operates invfwmJy, It seems to us a 
contiadiction in terms to speak of a cause not acting 
uniformly : in that case, it could by no means he called 
caiiHC at all. We therefore conclude that the rrinci})le of 
Causation and the Unifoiinity of Natuie are not to he 
treated as two different things : they are identical ; the 
only distinction is that the latter constitutes an aspect ne- 
cessarily covend hy the i.aw of (’ausation. d'he ultimate 
Presnp})osition of Induction is, tluu’efore, nolhing more 
than the Law of C'ausation. it is tiui foundation on which 
all inductive inference rests. It cannot he derived 
from experience hut is a foim of our reason, ])r(\supposed 
in all knowledge and without whiidi the universe would 
he uniiitelligilile. 


SUMMACY 

Induction is based on cfeucrdlimtioiL We have now 
to empiire, by what right wo ever generalise from 
experience. 

The plain answer is that induction assiunes the 
existence of necessary and universal connexions in nature 
and is called upon to determine the elements between 
which such connexions exist. 

♦ This assumption is expressed in the Law of Causation: 
“ Every event has a cause.” This Law is only a special 
application of the Law of Sufficient Jteason, and covers 
the Law of Uniformity of Nature (“The same cause 
must always have the same efiect ”) and its converse, the 
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Reciprocity of Cause and Ellect (“ Every ettect alwavs 
lias the same caus(‘ ”). 

Two principal views of Causation : — 

I. Kin})irical (cf. Mill, Rain.) 

Qualitatively : Cause is the invariable and un- 
conditional antecedent of an event. 

C)uantitati\'ely : Cause is ecpial to the Etl'ecl. The 
ess(uice of Causation li(^s in the trans- 
fonnation of energy. 

( ausation = Se({U(ui(;e in time. 

Cause : Effect : : Ante(*edent : Consecpient. 

II. Rationalisti(' (('f. Sij^wart, (Jreen, lhadley, 

1 »osan([uet ) Cause is coni})lete giound, hence 
id(*utical witliefliM't in a system of reality. 

C'ausation = ( 'oexisten(*(\ 

In popttlar })hrast‘ol()gy, Caus(‘ = anything in tlu^ 
abseiu'e of whic^li a ])h(momenou would not come to 
])ass ; but <s6aV^a/(//Vv/////, C'ause = tbe sum -total of ])ositi\e 
and negative conditions. 

In the former scui.se, many (lilferent causes may, on 
different oca^asions, [)roduc(‘ the sanu‘ efl'(‘ct. That is 
to say, the doclaine of the Plurality of (biust^s, is 
(;onsist(nit with the ])opular view of Causation. Rut 
in tlie scientific or })hilosophica.l sense, there is no room 
for it. Th(* same* (‘vent will always b(' ])rought about 
by the same caus(‘. There are many caust\s of d(\ith 
only because there an^ many kinds of death. Mill’s 
doctrine of the IMurality of Causes has, therefore (udy 
an appuvt'nf validity, and breaks down on scientific 
analysis. Tln^ relation between Cause ( as com])lete 
ground) and Effect is 'nhallt/ reciprocal or reversible. 

The Plurality of causes must be distinguished from 
tlie Composition of Cause's . The former maintains 
that the same effec't may at ditVerent times be prodiict'd 
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by (littbront total cj^usos. The lath'r means that a 
iiumbeV of (iomiitioiis or partial causes may loocther 
coulriiaite to produce a certain ellect. 

Mill’s lioctrine of Ca,usation-- 

(1) Statnacnt: Cause = the sum-total of conditions, 
positive ami nec:ative taken together. 

('ause = the invariable a, ml unconditional ante- 
cedent. Causation ~ Sma'cssion in time. 
t it iris))} : 

(i) Purely on 11 h‘ basis of (‘xperiema', l.he future 
can never be predicUal. ]Mill can speak 
of fniroriat but not in rariat^lc antecedent. 

(ii) For the sam(‘ reason, he has no right to 
speak of any inico)i(l if io)aif ant(^C(alent, sinc(‘ 
that would mean an unwariaidaal lea}) from 
the mere se(juence of iilumomena. in tim(‘. 

liii) Mill’s phrase “ the sum-total of conditions ’ is 
rather unfortunate :~ 

(//) Pccause it may indicate* a wrong im'thod 
of combining th(‘ factors. A better expiession 
would be “ the sum of th(^ (,'onditions 

(//) Pecause it is not cl(‘ar whether it is limited 
to relevant (amditions or not. 

1 If it is, it stands in Hat conlli(it with Mill’s 

doctrine of the Plurality of Causes, wdiich 
bn*aks down if cause r(‘fers to ret r rant 
conditions alom*. 

2 If it is not so limited, it brings in a confusion 

between ‘ cause ’ and ‘ condition.’ No 
analysis will then be possible, and 
Causation will be a tautology. 

(iv) Mill is anxious to discard ‘efficient causes’ but 
he is forced to admit them while speaking 
of the unconditionality of the causal connexion. 
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(v) Causation is not mere succession in time. It 
is a continuous })rocess, whose moments are 
not sepaiated />// time btit in time, and 
such sepnration is marked hy an ideal line 
only. Mill’s conception of Cause is imptufect. 
lie is only aware of <liscreteness but is blind 
to continuity. Causation is not in succession, 
thoUL(h it remains fJinnujh succession. It 
IS tlu^ id(‘al r(‘(;onstrucl ion of a continuous 
pro(!CSs of chanoi;. 

Cause as compleb^ orraind is identical with Ileason. 
Tlu'y can only be distinj^uished in tlunr im])erfe(jt stage: 
Cause as a sjiecies included in a common genius with 
the incompltde forms of (Irouml. Tlnw are also distin- 
guished as ranm essrndi and ransa cmfuo.^eendi respeictivcdy. 

Mill deriv(\s the l.aw of Causation from experience 
(by Induction per rnnmrratuHiem sim/)/ icr)n), Ihit 
this is open to senions objections: 

1. linbu'tion by Simple Knnimn’ation fails to give 

ns caU‘gorical certainty, and this is not the 
nu'thod used in ai living at scimititic genieralia- 
tions. 

2. As an empiricist Mill (‘annot derive universal 

])rinciph‘s from experience*, since expe*rience 
can never yield them. 

o. If the Causal IVinciple is a generalisation from 
exjierienee*, /. if it is eleriveel liy induction, 
how could it be^ taken as the Ground of 
Induction? Thus Mill commits the fallacy 
of Petit in Prineipii. 

Causiitioii is, on the other hanel, a ‘ necessity of thought, 
a form of Keason, without which Nature and our 
experience become epiite uninte'lligibhx It is not elerived 
from experience, but its validity is shown by its applica- 
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tioirto experience. It is an a ‘priori principle, self-evident 
to our reason. 

From the Pragmatic standpoint, Causation is merely a 
Postulate, avd not a self-evident axiom. It is claimed 
that this view accounts for the distinction between 
ccu'^uaJ and canml suc(‘ession, and combines the strength 
and avoids the weakness of the tw’o rival theories. 

Aristotle distinguished four causes of every material 
thing : e. //., the causes of a statue are : — 

/ formal cause* — the form in the mind of the sculptor, 
•g -1 material cause — the matter of which it is made, 
= ( e. q,, marhh\ 


c (etlicaent cause — the sculjitor himself. 

^ Itinal cause -the end or w hich the statue was made. 


In Hindu Logic f/inr kinds of (jauses are ilistin- 
uished : — 

1. ‘Intimate,’ • (’oiidier(*nt,’ c.^., ‘('lay-jar’, 
‘ thn^ad-idoth,’ etc. Corresponds to 

Aristoth*’s “ Mat(*rial ” caus(‘. 

; 2. ‘ Non-intimat(*,’ ‘ Non-coinherent,’ ‘ Proximate ’ 

( ), c.//., (N)n junction of the two 

halv(*s of a Jar pioduces a jar, conjunction 
of threads producers a piece of cloth. No 
^ corresponding notion in Aristotle. 


o / 3. ‘ Instrumental,' ‘ Operative ’ ‘ stick- 

c ) jar,’ ‘ shuttle- Cloth,’ eh;. Corresiionds 

^ 1 to, hut includes much besides, ‘ Aristotle’s 

W . “ Ellicient ” cause. 

The Law of the Uniformity of Nature, which says 
that ‘ the same cause will, under like conditions, always 
produce the same ellect ’ is not to be treated as an 
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ailditional and .s(‘|)aiate ground^ of Induction. It' is 
<'<j\er(‘(l hy the Lavs of ('ausation. The causal 'elation 
is (HI i rrrsa/ ii]]d n(rrss(frt/. If tln^ cause did not operati* 
uniformly it svindd (;('ase to lx? ‘ i-ausi* 

The ultiniati* (iKumd of -Jnduetion is, theiefore, tiu' 
I’rmeiph* of ( 'jius:ition. 


(,)l Ks'l'ioNS AM) E\KIU‘I.^K> 

1. Wliat ai‘(‘ tfU‘ Piesuppositions of Induction!' 

‘J. llow is the Law of C'au.salion lelated to that of 
Sulh('ient Reason ( 

.‘I. What, variety of nnsinim^ has heen assioiuMl tc» thi* 
word ('ause ' 

I. I )istini'uisii between tin* popular and llu' scientiti(* 
notion of ('aus(‘. ('an \ou account foi* the divmoenct* 
b(‘t ween the two v iews !' 

b, “ Uvery phenoiiKUion has a caus(U'. Discuss the 
nu'anine and urioni of this j)rinci[)h*. 

b. In what sense is the word Uaus(‘ used in 
U) “ Every (anise has an ellect,' 

(ii) “ Till' (*ause is (Mpial to its ellet t, 

(iii) “ The caus(‘ is tin* elleet.” 

7. ('iiti(*ally discuss Mill's theuiy of ('ausation, and 
Compare it with any other von know of. 

8. I)is(‘uss the jiroposition that the caus(‘ in\arial)ly 
})rec(‘des tin* ellecl. 

9. bVliat is tht' attitude of leeent discussions on 
’ooical doctrines towards iVlill’s tiieory of causation ^ 

10, Rrine out tin* implications of Causi* as the 
sum-total of })ositive and m'gative conditions taken 
together. 
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*11. ‘‘ A eause is^ an effect (‘oiicealed ; an eHect is a 

(•a*nse revealed”. Kxainine this statement critically. 

12. Discuss the relative merits and sii^nilicance of 
Dausation «,s {(() siMjnencts and (/>) co-existence. 

Id. What is iiK'ant hV sayiie^ that cause and elletil 
are only " two aspects of one })h(‘nomenon What is 
th(‘ beariiij^ of (his vii'W on the doctrine of the rinralil\ 
of Causes? 

14. State Mill’s doctrim^ of tlH‘ Phuality of ( aust‘s. 

I )istintrnish Ix^twcen ‘ Com]M)sition ’ and ‘Plurality’ 
of Causes, 

Id. Comment on th(‘ followini; statement : — “ As 
ofttm as the saim* (ui'cumstanc(\s ar(‘ re])(‘ated, th(‘ same 
effect will follow, yet wIkmi the (‘fleet is th(‘ same \\v 
cannot inhu* that the cause is the samt‘ too.” 

10. I )istin<j;uish h(‘tw(‘en — (a) C'ause and ('ondition . 
(b) Cause and P(‘ason ((Jround). (c) rc/cs-c rssr/i(/i and 
(‘of//u)s Cendt. 

1 7. Distinguish th(‘ y/zoZ/Vc/nv and zyz/zz/zZ/Zzz/z/r aspects 
of (’ausation. Prim; out tin* m(‘aninL; of Causation as 
(’onservation of i^m‘ruy. 

18. “ (^rs.sa/itr zvzz/.svz, rc.s.sv// rfjrcfif.s'' Explain. 

1 9. (d)mment on tlH‘ followim; views : - 

{(() “ Here all things always S(‘(‘m the same*.” 

(Z/) Nature is a ('(uistanl flow. No two things arc 
ever alik(‘. 

20. Distinguish between tin? uniformiti(*s of succ(‘s- 
sion and those of co-existenc(\ 

21. Critically examine Mill’s Proof of the Law of 
Causation from (1) the rationalistic, and (2) the i)iag- 
matic standpoints. 

22. In what relation does the Principle of the 
Uniformity of Nature stand to the Causal Piineiple ? 
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2.‘J. Compare the following wjiys of expressing our 
belief in the Unifoimity of Natuie : — 

(a) The future will resemble ihe past. 

(b) Nature will repeat itself. 

(r) The unknown will rt'semhle the known. 

{(1) The Universe is gov(*rned hy Laws. 

{(’) The absent is like the ])resent. 

24. Discuss Alill’s view that the principle of the 
Uniformity of Nature^ is arrived at hy Induction. 

25. Explain. — 

(d) “It is part of the conception of Cause to act 
uni f(»i inly ; and so far, the Uni\ersality 
of Causation and tlu' Llnifoiinity of Nature 
ar(‘ the same thing 

(b) “ A cause which do(‘s not act uniformly is no 
cause at all 

2G. “The Uniformity of Natuie is the ultimate 
Major I’remiss in all Induction.” (Mill). Discuss. 

27. Discuss th(‘ statenumt : “A vigorously exact 
interpretation of causal coniu'xion woidtl nmdor the law 
of causation seientilically useless.” 
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OBSKHVATION AND EX1‘K1{IMKNT 

1. Analysis of the Given. — JUiforo weronsidor eortain 
vvell-recf)gnisc(l methods of estahlislung causal connexion 
between phenomena, it seems necessary to sj)eak of two 
of the several operations without which inductive reason- 
ing cannot ])roeecd — 01)servation and Kxj)eriment. 

Induction guides us in the discovery of laws from a 
close examination of facts. Hut at a first glance nature 
does not pri'sent us anything like oidered and sys- 
tematically arranged })henomt‘na; we ha\e only a chaotic 
mass of facts. is no possibility of es(;aping such 

chaos exce{)t by an ellbit of the mind to jmt order and 
system after a closf^ s(!rutiny. Our faith in tehM)logy, 
our deep-rooted coiixiction in the regularity and rational 
order of Natuic compels us to regard cliaos as oidy 
ap])arent and we are called u])on to analyse the given 
facts with a view to discover law and order. Facts 
or ])henomena cannot yield their own ex])lanation ; it is 
the mimi wliich can inter])ret them. Hefoi'e it is possible 
to discover laws, the (liven is to he carefully jinalysed. 
The o])ject of such analysis is, in the first place, to 
distinguish between relevant and irrelevant facts in any 
scientific investigation, and secondly, to find out the 
invariable and necessary circumstances under which the 
phenomenon under study occurs. 

The sifting of the relevant from the vast mass of facts 


1)5 
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or, 

])n\seiito(l to us for exainiiKitinn 'iiijilies srhcfion. \Vo 
have U) isolatq those olenieiits which are relevant to the 
in([uirv in hand and (‘onliiui our attention to them. 
AV^ithout tiiis no pro^r(*ss in knowled^i^ possible. 
Even this sini[dest af;t of peree{)tion involves selection. 
W(dl, then, in our analysis of th<‘ (Jiven we first of all 
hiin^r toj^ether out of the totality of ])r(‘sentation only 
thi»st‘ facts that are ndevant to our purpose so that we 
may lat<‘r on contine our atUmtion to tlu'ir interpreta- 
tion alom‘. 'rhisdefim\s for ns the facts we hav^e to study 
and is the tiist- fundatnental s((‘p towards the dis('OV(‘rv 
of caiisal connexions. 

'riu' next st('t> we tak(‘ is tlu‘ elimination of those 
circumstances under which a (M'rtain })henomenon 
iKHtessarily occurs. To d(‘termin(* that we should also 
havtr to find out tlu'. cir(mmstan('es under which we mi^ht 
hav(‘ (‘xpect.ed the. ph('nomenon to occui', yet it do(‘s not 
occur, 'rids n(‘j.iati\e operation will mak(^ us doubly 
sure as t,o tla^ circumstances whi(.*h ar<‘ absolutely 
lU'cessarv for th(‘ ju’oduction of a jdamonieiion. Elimina- 
tion is one* of tlui most imjiortant ojierations in Imlmdion 
and we shall have* occasion to speak of it further under 
the Experinu'iital Metiiods. Sulhc(‘ it to say here that 
we must be \(*ry (areful in this part of our analysis: 
we must not omit any circumstances under which a fact 
ap]>ears, otherwise our further impiiry as to wddeh of 
them is causally connect(‘d with the ]>henom(*n(»n 
studied may be vitiated. 

'the first steps in the analysis of tlie Given, are taken 
bv the o])erations known as Oliservation and Expeii- 
ment^ — which are usually described as two diflercnt 
modes of interpreting^ Experience. 

‘ “ (>l)serviitioa and E.\i>ernnent are the /nniriHil jrrouiids of 
Induction ” {ihe/ffrmal j^u-ound heiim the Prineiplc of Causation) — 
Carveth Read. op. rit , p. 11)1. 
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,2. ^Observation. — ^Ibservation is one of tlie processes 
by whicli we obtain knowledge of natin#il phenomena. 
It re<juires an exercise of our senses, inasmuch as we have 
to note tfie facts as tlu^y ^occur. We cannot, however, 
note the countless facts presented to us by nature every 
moment; what we observe is determined l)y our own 
interest and })urpose. Hence, Obscu’vation is ahvays 
se/cctirr. The same work of ait will appeal diflerently 
to an artist and a layman. The former will discover in 
it mu(‘h more than tin' latt(U\ A student of jihysics will 
study a rainbow dillerently from tin*, boy Hying the kite. 
H(‘ will ))e interested in the formation and amalgama- 
tion of the seven colours, etc., wliile the other boy will 
notice the ])henoinenon in ])assing and feel no interest in 
th(i arrangeinent of the (colours, red, orange, green, blue, 
yellow^ and viohT. Similarly, tlu^ ])henoinena of wind, 
rain, dew, lightning, vU\, will lx; observed dillerently by 
dillerent peo}>le. He who is e(|uip])ed with moie know- 
l(Mlge will be a])le to discover more in the same ])heno- 
iiKMion, and what })rceisely he will note will Ik; d(T(;rmincd 
by his infei'vsf. 

Observation is also luadi*, as a iad(‘, in llie liglit of 
some hypothesis. We first select a certain ])h(;nom(‘non, 
mark it oil' from its antecedents and consequents, frann; 
a hypothesis as to the antecedent with which it is 
causally connected, and verify the hypothesis by means 
of further observation. Man cannot ga/i* at a thing oi- 
a })henoinenon with a vacant mind : lie must needs 
exercise his intelligence. Although he sees with his 
eyes, liears by his ears, he interpr(;ts his sensations all 
the time. The senses are only the instruments employed 
by the mind for the acrpiirement of knowledge. Not 
they but the mind itself observes. All observation is, in a 
sense, in answer to a certain hypothesis. No perception 
G 
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is possible without interpretation which implies inference. 
There is, therefore, implicit inference involved in all 
observation. 

13ut, from this very fact, a danger arises : oiu ol)serva- 
tioii may Ije initiated by bias, imd the facts observed by 
us may thus be wrongly interpreted. Sometimes we 
read our own thouglits into our perceptions. Sometimes 
the investigator may fall into another danger, viz., inferring 
iion-existeiice of a ])henomenon from its non-observation. 
We shall speak of tliese errors under “Fallacies” in 
Chapter X. 

3. Experiment. — This is another process accessory 
to Induction and its function is the accuiate deteimina- 
tion of causal connexiojis in i)henoniena under conditions 
over which we have control and which we c.aii vary. 
In Observation it is not always })ossible to simplify the 
conditions and acquire a control over them.^ But in 
Experiment we endeavour to ])roduce a similar phenome- 
non under simj)ler conditions, which we can vary at will. 
Thus we can easily produce the seven colours of the 
rainbow by means of a spectrum, and obviously spectral 
analysis is much more practicable and much easier than 
the analysis of a rainbow. The rainbow may appear for 
a few minutes oidy : it will not wait for the completion of 
our observation or analysis, and we cannot produce it at- 
will. But by means of an experiment with the Spectrum 
we can produce the same phenomenon and study it with 
ease and leisure. 

Observation may be carried on sometimes even without 
any reference to any hypothesis, but Experiment is 
necessarily an answer to, or a verification of, a hypothesis. 

^Sometimes Nature herself produces special conditions favourable 
to the study of a phenomenon. These are called Natural Eaperi- 
meuiH. For instance, an eclip.se of the moon shows the shape 
of the earth to be round. 
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Xliere must be som5 suggestion, or supposition, whose 
truth or falsity we may be called upon «to discover by 
means of Ex[)erirnent. 

4. Relation of Obseryation and Experiment. — It is 

usual to distinguish Observation and Experiment as 
“ Passive ” and ‘‘ Active ’’ ex])eriencod We shall presently 
show how incorrect this distinction is. We may refer 
here to the following famous (piotation from llerschers 
Prelim imiru IH.^rourre on the t^tudu of Natural PJrilosopJn/, 

])p. 70-77 : — 

“ To these two sources (Observation and Experiment) we 
must look as the fountains of all natural scienc^e. It is 
not intended, however, by thus distinguishing observation 
from experiment to place them in any kind of contrast. 
Essentially they aie mucli alike, and differ rather in 
degree than in kind; so that, ])erliaps, the tei'ins passive 
and aefive ohservation might better express their distinc- 
tion ; but it is, nevertheless, highly important to mark 
the different states of mind in inquiries carried on by 
their respective aids, as well as their dilferent elfects in 
promoting the progress of science. In the former wc sit 
still and listen to a tale, told us perhaps obscurely, 
piecemeal and at long intervals of time, with our attention 
more or less awake. It is only by after-ruminalion that 
we gather its full imj)ort ; and often, when the opportunity 
is gone by, we have to regret that our attention was not 
more particularly directed to some ])oint which, at the 
time, appeared of little moment, but of which we at 
length appreciate the importance. In the latter, on the 
other hand, we cross-examine our witness, and 
comparing one part of his evidence with the other, while 
he is yet l^efore us, and reasoning upon it in his presence 

* “ Observation is 'passive experience Expertnlent is active 
experience Htock, op. cit. p. 160. 
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are enabled to put pointed and sccl^rching questions, the 
answer to wliiqh may at once enable us to make up our 
minds.” 

Thus Observation and Experiment are compared as 
follows : — 


OBSERVATJON 


EXPERIMENT 

1. 

“ Pjissive ” experience. 

1. 

“ Active " ex])eT-ience 

‘2. 

Under nature’s conditions 

2. 

Conditions under our own 


(natural). 


control Oiriificial). 

3. 

Conditions in variable. 

3. 

Conditions can be varied. 

4. 

Conditions may never be 

4. 

Conditions rcpi’oduced at 


repeated. 


will. 

5. 

We are slaves of nature. 

' 5. 

We are masters of nature. 

6. 

The ])hen()inenon to be 

(). 

The idienomenoii to 


studied (!an hardly bo 


be studied can be 


isolated. 


isolated. 

7. 

Has a wider scope. 

7. 

Has a narrower scojie. 

8. 

Less i)recise and subtle 

8. 

Moi’e pi-ecise and subtle 


than Experiment. 


than Oliservation. 

Ik 

From effects to causes. 

1). 

i 

From causes to effects. 


Where experiment is ])ossible it is deeidedly su])erior 
to observation as an instrument of discovery. lUit 
unfortunately it cannot be applied to all departments 
ot natui’e. tor instance, in Astronomy, Geology, etc., 
we have more to watch the ('ourse of nature than to 
institute experiments. In sciences of the human nature 
also ex})eriment has very little scope. 

Experiment has, however, the following advantages 
over observation : — 

1. We can vary the circumstances at will and 
])roduce several suitable instances of the t^^^enomenon 
under study. 

2. We can isolate and control the j)henomenon by 
simplifying the conditions. 
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^ 3 . We can product new plieiioiiiena similar to those 
found 111 nature. • 

5 . Observation Essentially Active.- We have already 
alluded the (ioinmon distinction between observa- 
tion and experiment as and adlre operations. It 

is said that in the former the mind is ])assive ; it simply 
receives a (tertaiii infoiniation about the pheiionieiion 
under study, hut in the latter it is distinctly active. 
Now, this distinction is doubtless erroneous. It is based 
on a false theory of knowled^(% tlie passivity of 

tiie mind. The truth is, as psychology lias convinced us, 
that the mind is never entirely 'passive.’ It may be 
jiassive in the sense of 'assimilation hut there is no 
mental state in which the mind does not work. When 
we are oliserving a cintain phenonunion the work of 
interpretation as well as apperception is going on all 
the while, which (dearly points to mental activity. We 
may characterise pun' semsations as entirely ‘'passive”, 
but ill our adult life we nev(*r hav(^ these sensations : 
they are psychological abstractions. The actual units 
of our mental life are ‘ penicptions ’ and not ' sensations 
and in an act of ])er(::eption the mind is always active. 
Hence Observation wliich is of any use to science must 
be characterised as essentially activeJ 

Scientihe Observation, as we have already said, is 
always selective and purposive, hence it must essentially 
be an active pro(;ess. Besides, as Dr. Schiller puts it 

' “ The goal of Observation is to see a fact as a fact-uiider-law. 

..To see a fact scientifically is to see it in the light of an 

idea. Observation expresses a form of scientific endeavour which 
cap be satisfied only when the fact is observed as fulfilling some law. 
The merely passive assimilation of fact is only the first stage in the 
complete process of Observation. . . . We may observe just 
as passively with our fingers as we can with our eyes or ears. 
Observation is passive just so long as it is purely assimilative ” — 
W. R. Boyce Gibson, op. cit. pp. 389, 393-394. 
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forc(‘fully : “ (h)od observation is ‘'anything but passive. 
It involves aeave watchfulness. It deinands enormous 
concentration of the attention on tlie point of the inquiry, 
enormous indillevence to, and, ruthless abstraction from, 
(‘Very thing else. It is therefore subject to the same 
risk as experiment, and as apt to go wrong, if misdirected. 
Indee<l it is only another sort, or perhaps another stage, 
of experiment. Tn both we begin by changing the con- 
ditions exp(‘rinientally before observing, even if in ‘ observ- 
ation ’ the cliange is merely that of taking up an attitude 
of watchfulness towards cei‘tain obji^cts. And conversely, 
expeiinumt, would be ns(‘less if it were not accom])anied 
])y observation.” ^ 

We c.onclude, tlu'rc'forc, that tluue is no such thing as 
purely passive observation, a.nd e\en if it wtu'c possible 
it would be ([uite useless for scientilic investigation. 
The diflerence bedAveen observation and ex])erinieiit is 
one of deg]V(^ o?dy : th(‘ mind is active in both the 
operations. 

6. Positive and Negative Instances. — Scientiti(‘, in- 
vestigation aims at tlu^ greatest possible precision and 
accuracy. Hence Causal Explanation requires the fulfil- 
ment of two sets of conditions {(() that a ])articular cause 
has always a })articular effect, and {h) that in the absence 
of the particular cause, the particular effect does not come 
about, ix., this particular effect never occurs unless the 
particular cause also occurs. Thus if a phenomenon 
called E (effect) results from tlu; cause (\ the true 
cause will be that which satisfies : — 

{a) that whenever C, then E. 

(?>) that whenever E, then L\ 
or that whenever not then not E. 

Instances which illustrate (a) are called Podtioe 
^ Sohdler, <>p. rif, ])p, 3.‘58-839. 
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Iii§t(i)ic€s, those illiistfatiiig (?>) are known as Xegatiir 
I}iHt(vnc,(‘s^. They are sometimes called t Positive and 
N egat i ve Krpr,rl m en ts. 

Negativi? Instances may he distingnished from Ex('ep- 
tions The former prove a causal relation, while the 
latter disprove it. The two arguments may be com])ared 
thus — • 


NEGATIVE INSTANCE 


Whenever C, then E. 
Whenever not C, then not E. 
(J may be causally connected 
with E. 


Exceptions or Exceptional I nstances are, if I'eal, iiUMnn- 
{)atible with tlie hy[)othesis wo seek to estahlisli and 
lead us to give up or modify such hy])othesis. Some- 
times one exce])tion alone is suflicient to dis])rov(‘. our 
hypothesis. A real PTxception compels ns to so modify 
our hy})othesis as to mak(‘ it consistent with facts. 
The popular a[)horism '"ExcepHo prolxd reffubnn”- when 
a))plied to Induction can only mean this : an exco[)ti()n 
“proves” the ruh^ inasmuch as it leciiiircs us to modify 
the wrong liy]i)othesis so that it may beconu' conipatihh^ 
with fact. In this sense an (*xce])tion 7>>/vu‘r.s* the rule : 
otherwise, as we have shown, tlie legitimate function of 
Exception is to disprove a suggested hy])othesis. It 
indirectly proves the hypothetical rule hy directly disprov- 
ing a wrong hypothesis. 

^ Nej?ative Instanr(3s are also called Blind E.xperiinents ” h\ 
chemists. 

"In jurispi ndence (his imixini is strictly true, since the very 
existence of the .specific cases exempted by the lej^islator from the 
operation of a certain law proves the existence of the law. 


EXCEPTION 


Whenever C, then E. 

Here C is, but E is not. 

V. is not causally connoidiMl 
with E 
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7. Rules for Observation tod Experiment.— The 

following geif"^>ral directions may be lielpfnl in Observa- 
tion and Experiment : — 

(1) It is necessary that the pbenoiiKmon to l)e studied 

should be isolated as far as possible. The 
irrelevant should be eliminated, so that the 
possibility of any distui*bing iniluences may 
be avoided. In experiimuit we can always 
isolate the ])henomena, but. in observation 
W(; have to wait ])ati(mtly for an opportunity 
when nature might do the same herself. 
We sometimes insist on re[)eated observation 
for tlu3 simple reason that nature does not 
])rt^S(mt to ns th(3 situation as we need 
precisely. In exj)eriment wo are masters 
of the situation and can easily isolate the 
phenomenon. 

(2) We should vary the cii’cumstances as much 

as possible. Try the same ])lienomenon 
under viirying conditions, and the possi])ility 
of error is greatly eliminated. 

(:>) We must always aim at precision in our 
observations and experiments. In experi- 
ment ])recision can ])e attained without 
much ditliculty, but in observation it is more 
diflicult. In order to insure it in the latter 
also, we must be on our guard against th(3 
faults known as non-observation and mal- 
observation, and should also eliminate the 
persoiial factor as much as possible. We 
must not read our own thoughts into our 
observation and must not confound what we 
ohscrcc with what we infer, 

(T) In ([uantitativc measurement where slight 



OBSERVATION AND EXPERIMENT 105 

9 

inaccuracies in results are buninl to occur, we 
must always make necessaiy ^corrections to 
l)rin^* tlie results as close to precision as 
])ossil)le. 

(5) Theie are, in* mathematical o])servati()ns 
generally, errois which cannot i)e eliminated 
hy a re}>etition of (»hserva,tions, riz., jired, 
'prvHoual and causal errors, wliich we must 
always endeavour to avoid h There may be 
some fault in the instiuments we use in our 
experiments, or we ]nay be deceived by our 
senses or we may not l)e in a ])ro])er mood 
to make accurate observations or sometimes 
we may be led into liasty generalisations 
and may mistake the accidentals for the 
essential conditions. 

(G) As far as pi'acticable we should vei'ify the 
i-esults of observation ly means of ex})eri- 
ment. Observation should be viewed as 
only a stance in the com])let(c development 
of scientifi(i ex])eriment. Alill wisely said : 

Obst^rvation without tcxpeiimeait, and 
su])})osino’ no aid from deduction, can 
ascertain sequences and co-(‘xistences, ])ut 
cannot prove causation.” To ])rove causa- 
tion we should be able to ])i‘oduce artiiicially 
the antecedent of the phenomenon w^e study , 
and se(c if it unconditionally venerates the 
effect. 


^ Vide Croke op, cit. p. 269 
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SC'MMAKV 

Analysis (li\en is Uie first essential sl(‘}) towards 

s(dentifi(; ex})hination. ^ 

( fhserv(xii(tn and Kvprrinu'nfi are two important acces- 
sories of Indiicti(m. I)otli arti pur|)osivc and selective. 
S(U(mtific Observation is ess(‘ntially active, and the 
differeiK^e l)etw(H3n it and Kxt)eiinHmt is that of degree, 
not of kind. In Observation one cannot vary the con- 
ditions and isolate the })henoinenon to studied, in 
Experiment the conditions of observation ar(‘ under our 
own c.ont-Tol and amenabh^ to intm‘f(3rence. 0])servation 
has a widen* s(M)p(‘ than Experiment, lint llu^ latter is a 
more mait, subtle* and jirecise instruimmt of scientilic^ 
<lis(;ov(n*y. 

Positives Instanc(3s and ItxjKuiments [)rove that whenever 
a c(nta,in cause ocenirs a ctn*tain ellect follows, Negative^ 
Instance's and Ivx])en‘iments jereive that whe*never siiedi 
cause is absent the e(lee*t eloe's not follow. Ex(*eptions 
elitler from Negative' Expe'riments inasmue*b as theyv 
e//spy*c/V' a. siigge'ste'el e*ausa.l e'eenne'xiem. 


(^)i‘Ks'rie)\s ANi> ExKia isKs 

1. (aempare the respective aelvantages of Obser\ation 
ami Ex])erime‘nt. 

2. “ Obscrvatiein ami Ex])erinient (su])posing nee £^iel 
freem eleduetiein) can ascertain seepiences anel cej-existences, 
but cannot prove causation ” (Mill.) Examine. 

2). What are the e'ssentials e)f a truly scientific 
e>bservatie)n and a truly scientific experiment ^ 
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• 

4. Distinguish OWervation from Ex]>erimont. Is the 
difference fundamental? Show the de])enc|^ene(' of Ohser- 
vation on previous knowled^^^e, and in what sense it 
always ifjfolves inferenet^ 

5. When lias ()hser\^ation nion^ ad\antanes than 
Experiment? and why is l{x])eTimenl usually more 
advantai^^eous tluin Ohsm'vation ^ 

(h Desi'rihe the function of ]^\])enment in scmmtifie 
investigation. How far, if at all, e.an we he said to 
experiment (1) in Astronomy, (1?) in Politics (o) in 
Psychology. 

7. Account for the su[)eriority of hhxperinient over 
Observation and numtion the leading fallacies incident to 
Observation. 

(S. What are Natural Experiments? (JIm^ I'xamples. 

9. Distinguish hetAveen (1) Positive' and Negative' 
Experiments, (2) Negative Ex])eriments anel l''xce})tions. 

1 0. On what facts is the' popular maxim “ Exceptions 
prove the^ rule” base'd ^ How far is it valid ^ 1 )oe\s it 
poss(\ss any scientific- value ^ 
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MILL\S INDUCTIVE METHODS 

1. Inter-relation of MilPs Methods. — Mill has for- 
niiila-fcod a iiuniber of iiudhods by wliicdi causes and effects 
of a ^iven phenomenon may he dettaamned, i.c., by means 
of Avhieh causal sequences may be discovered and proved. 
They are the rides which guide ns in our causal inquiry, 
and are dcducible from the very definition of Cause, as 
will b(^ shown Ixdow. Mill calls tliem “ Methods of 
Experimental Inquiry ” or “ Inductive (or Experimental) 
Methods.” He s])eaks of four such methods, yet j^ives us 
five canons. These are, ho further tells us, based on two 
fundamental principles: “The simplest and most 
obvious modes of singling out from among the circum- 
stances which precede or follow a phenomenon, those with 
which it is really connected by an invariable law, are two 
in number. One is by comparing together different in- 
stances in which the phenomenon occurs. The other is, 
by comparing instances in which the phenomenon does 
occur, with instances in other respects similar in which it 
does not. These two methods may be respectively 
denominated the Method of Agreement and the Method 
of Difference.”^ Of the other three methods, one, viz.^ 
the Joint Method of Agreement and Difference, is simply 
a combination of these two methovls ; while another, viz.y 
^ Bk. III. viii. 1. 
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the Method of Eesidoes, is “ in truth a peculiar modifica- 
tion of the Method of Difference and^the third, viz,, 
the Method of Concomitant Variations, may be identified 
either W1%1 the Method of Agfreement or with that of 
Ditference. Then, a^ain, of the two fundamental 
methods, viz., (i) Agreement, and (ii) Difference, the 

latter is said to be the more important in fact the only 

important method since the former is at best a method 

of observation and only suggests instead of proving the 
existence of a causal sequence : in Mill’s own words, “ it 
is by the Method of Difference alone that we can ever, in 
the way of direct experience, arrive with certainty at 
causes.” Thus we observe that Mill looked upon the 
Method of Difference alone a-s the most fundamental 
method of discovering causal laws, and to it added four 
subsidiary methods. 

Elsewhere Mill speaks of his Methods in the follow- 
ing terms : ” The four methods are the only possible 

modes of ex])erimental inquiry, of direct induction h 
posteriori, as distinguished from deduction. These, with 
such assistance as can be obtained from deduction, 
compose the available resources of the human mind for 
ascertaining the laws of the succession of phenomena.”' 
These laws, although known after Mill’s name, were in 
no way Mill’s original discoveries. They were borrowed 
from amongst the ‘ Nine Rules of Philosophising ’ laid 
down by Sir John PTerschel in his Diseourse on the Study 
of Natural Philosophy (vide Sect. 145-158), with reference 
to which Mill says, that it is this book ” in which alone 
of all books which I have met with, the four methods of 
induction are distinctly recognized, though not so clearly 

Hhid. III. viii. 5. 

iihid. III. viii. V. 
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characterized and defined, nor thejr correlation so fiilly 
shown, as has appeared to me desirable.” ^ 

2. StateiAent of the Methods : Mill’s Canons. — We 

give below jNI ill’s statement of the five Canons v.long with 
their symbolical formulas. As ‘Mill’s statements are more 
or less cliiinsy, we append improved versions^ as well, 
whicli are much easier to follow : — 

I. The Method of Agreement ; 

(a) Canon : — 

Mill’s Statement. Improved Version. 

If two or more instances of If two events are observed 
the phenomenon under in- to accompany each other... 
vestigation have only one in succession or co-existence 
circumstance in common, the — they are (probably) caus- 
circumstance in which alone ally connected. ^ 
all the instances agree is the 
cause (or effect) of the 
given phenomenon. •* 

(b) Rvmbolir Formula : — 

ABC followed by abc, 

ADE ,, ,, ade, 

A and a are causally connected. 

TT. The Method of Difference : 

(a) Canon : — 

Mill’s Statement. Improved Version. 

If an instance in which the If the addition of an agent 
phenomenon under investiga- is followed by the presence, 
tion occurs, and an instance and its subtraction by the 
in which it does not occur, absence, of a certain event ; 
have every circumstance in (other circumstances being 

^ihid. III. vii. 1. 

‘“^For other improved versions see Mellone’s Introductory 
Text-Book of Logic, Ch. IX., and Stock’s Logic, ch. TX. 

’’These methods can be applied both for discovering 
causes of given effects, or effects of given causes : hence Mill 
speaks of “ cause (or effect) in this and the other canons. 

^“The probability increases with the number and 
variety of the instances ’’....Mellone, ibid. 
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Mill's Statement.* Improved Version. 

commoM save one, that one the same) the agent is 
occurring only in the former ; causally coihiected with the 
the circmm^stance in which event, 
alone tm two instances 
differ, is the effect, or the 
cause, or an indispensable 
part of the cause, of the 
phenomenon. 

(b) Symbolic Formula : — 

ABC — abc. 

BC~bc. 

A and a are causally connected. 

III. The Joint Method of Agreeinont and 
DitTerenee d 

(a) Canon : — 

Mill’s Statement. Improved Version. 

If two or more instances Whatever is present in 
in which the phenomenon numerous observed instances 
occurs have only one cir- of the presence of a pheno- 
cumstanoe in common, while menon, and absent in 
two or more instances in numerous observed instances 
which it does not occur have of its absence, is (probably) 
nothing in common save the connected causally with the 
absence of that circum- phenomenon, 
stance ; the circumstance in 
which alone the two sets of 
instances differ is the effect, 
or the cause, or an indis- 
pensable part of the cause, 
of the phenomenon. 

(b) Symbolic Formula : — 

ABC — «bc ■] 

ADE — ade } positive instances ; 

AFG— afg J 

BMN— bmn ^ 

DOP — dop y negative instances ; 

• FQR— fqr J 

.'.A and a are causally connected. 

^ This method is also known as the Indirect Method of 
Difference or the Method of Double Agreement, Its improved 
version is given after Mellone. 
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IV. The Method of Concomitj\nt Variations : — 

(a) Canon : — 

Mill's StatWent. Improved Version. 

Whatever phenomenon If two phenomeiwi always 
varies in any manner when- vi\ry together, probably they 
ever another phenomenon are causally connected ‘ 
varies in some particular 
manner, is either a cause or 
an effect of that phenomenon, 
or is connected with it 
through some fact of causa- 
tion. 

(b) Symbolic Formula : — 

ABC — abc, 

A BC — a 2 be, 

A , BC— a ,, be, 

A and a are causally connected. 

V. The Method of Eesidiiee 

(a) Canon : — 

Mill's Statement. Improved Version. 

Subduct from any pheno- i If wo subtract from a pheno- 
menon such part as is known menon those elements which 
by previous inductions to be I are due to known causes, the 
effect of certain antecedents, ' residue will be the effect of 
and the residue of the pheno- an unknown cause, 
menon is the effect of the | 
remaining antecedents. 

(b) Symbolic Formula : — 

ABCD is the k^iowrf cause of abed. 

}J J) >y h. 

C ,, „ „ c. 

D , , , , , , d. 

A and a are causally connected. 

Before we consider any concrete examples illustrative 
of the application of these methods, and their limitations, 
we shall deal with an important consideration respecting 
the nature of the methods and the part played in them b5' 
Elimination. 

• Mellone adds : Other circumstances remaining the 

same or varying independently." This clause makes the 
sense more clear. 



113 


MILJL^S INDUCTIVE METHODS 

^ 3. Inductive Methods as Rules ot Elimination. — ^We 

have observed that the last three of MilVs five methods 
are simply the combinations of tlie two methods of 
Agreeinef^l and Difference. These tw^o methods are 
called by Mill methods of Elimination : “ The 

Method of Agreement stands on the ground that 
whatever can be eliminated is not connected with 
the phenomenon by any law. The Method of 
Difference has for its foundation that whatever 
cannot be eliminated is connected with the phenomenon 
by a law.”^ Elimination is defined by Mill as “ the 
operation which has been understood since the time of 

Bacon to be the foundation of experimental inquiry 

namely, the successive exclusion of the various circum- 
stances which are found to accompany a phenomenon in 
a given instance, in order to ascertain what are those 
among them which can be absent consistently with the 
existence of the phenomenon ” (ibid). Tn other words, 
Elimination is the process of exxlusion, i.e., by which we 
exclude one by one the irrelevant circumstances and 
thereby discover the relevant circumstances constituting 
the cause of an effect or the effect of a cause; and Mill’s 
Inductive Methods are Methods of hjlimination. 

The principle's or grounds of Elimination can easily 
be derived from the very definition of Cause.- Cause is 
that without whiedi a phenomenon would not occur — 
in Mill’s words “ the invariable and unconditional 
antecedent.” If that is so, it follows immediately that — 

1. That is not the cause of a phenomenon in the 
absence of which the phenomenon occurs. 

‘ Mill, op. cit. III. viii. 3. 

^cf. Joseph, op. cit. pp. 403-404 ; Creighton. Introductory 
Logic, New York, 1909, p. 238. 

H 
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2. That is not the cause of a {5henomenon in whose 
prestiice the phenomenon fails to occur. 

.‘h That is not the cause of a phenomenon, which 

... 

varies wlien it is constant, or is constant when 
it varans, or varies in no proportionate manner 
with it.‘ 

1. ^riuit is not the cause of a phenomenon which is 
known to he the (‘ause of a different pheno- 
menon. 

Tiiese are the four principles or grounds of Elimina- 
tion. They ^nide us as to iiow we are to exclude all those 
irrelevant circumstances of a phenomenon that do not 
satisfy the conditions of a cause. We entirely agree with 
Joseph in taking these rules of Elimination as the basis 
of Mill’s ('anons. Mill’s IMethod of Agreement is based 
on the first ground; his Method of Difference on the 
second ; his Joint ^lethod of Agreement and Difference 
on the first and the se(‘ond combined; his Method of 
CoiKxuuitant ^^lrlatlons on the third; and his Method of 
Residues on the iourth ground of Elimination. ‘ The 
principles are simpU^ enougli and their application 
too is by no nuains difthadt, provided we have got the 
situation we re(iuire in which we can distinguish the cir- 
cumstances under which a phenomenon occurs and those 
under which it fails to occur. Jhit it is just that which 
is extremely difficult , and, as, Joseph says, “ inductive 

• This principle obviously follows from the idea of 
viz., that energy gained by one phenomenon is 
lost by another — which implies succession ; or from the 
Equality of Cause and Effect, cf. Carveth Read, op. bit. 
pp. 195-197. 

® Cause is used here in its strictly scientific sense of a 
reciprocating cause ; in the case of a non-reciprocating cause 
other principles will be necessary. cf. Joseph, op. cit. 
footnote on p. 404. 
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reasoning is in form wry simple ; but the discovery of tlie 
pi^opei* premisses is very hard/* ' 

We liold Phimination to be the very soul of inductive 
incpiiry. Such inquiry, as we know, aims at tlie 
establishment of causal refations between events. Events 
may happen ever so many times ; their causal connexion 
is not revealed by itself but has to be discovered by our 
mind. This ('an only be done by carefully analysing the 
phenomena under investigation, sifting and excluding all 
those elements which do not fulfil the ('onditions of a 
cause. By this pnx'ess of Pllimination all the alternative 
hypotheses that fail to satisfy the requirements of the 
causal relation are rejected, and by means of their rejection 
we discover the cause. This view is admirably expressed 
by Joseydi : — 

“ The essence of inductive reasoning lies in the use 
of your facts to disprove erroneous theories of causal 
connexion. Tt is, as Mill himself asserts, a process of 
elimination. The facts will never show directly that a 
is the cause of X ; you ('an only draw the conclusion, if 
they show nothing else ?.9....You do not discover what is 
the cause, except by eliminating the alternatives. Yet 
it is very often im])ossible to do this completely ; newer- 
theless the nature of your reasoning is precisely the same, 
when you are left with the ccmchision that the cause is 
either a or h or c, as if you had been able to eliminate h 
and c also, and so determine that the cause is a (p. 395). 
The essence of inductive inquiries is the process of 
elimination. The reasoning is disjunctive. And the 
character of the reasoning is unaffected either by the com- 
pleteness of the elimination, (f.c., the fact that there are 
no alternatives left in the conclusion) or by the ground of 
elimination used (p. 396)... Inductive conclusions are 

op. cit.f p, 406, 
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entablished diRinnctivelv by tbo diFfproof of alternatives 

(p. 40ft) Th'^ inductive proof of a conclusion rests on 

excludincf alternative explanations.” tp. 415). 

Tills seems to us the clearest statement of tfie function 
of Elimination and the part plaved bv it in inductive 
reasoniuQ'. We bold with »Toseph that Induction is 
essentially a Method of Elimination and that inductive 
conclusions are established tbroufrh the difiproof of the 
alternalives ibat fail to satisfv certain conditions. 

Exception is, however, taken to this view bv some 
logicians, amonjx whom is Boyce Gibson.^ His main 
contentions are : — 

(1) That only the Method of ApTeement and not that 
of Difference can be called a Method of 
Elimination. 

(2) The Method of Difference is emphatically not a 
method of lonical Exclusion or Elimination, but 
of physiral Exclusion. Its essence is not the 
elimination of the non-cause, but the establish- 
ment of the cause. 

(3) Mill’s method of Concomitant Variation has a 
positive character, while the third f^round of 
elimination on which it is said to be based is of a 
negative character. 

(4) Except the 'Method of A^^reement, Mill’s induc- 
tive methods are the positive verification 
methods. It is gratuitous to suppose that 
verification of a theory always rests on the dis- 
jiroof of its rival theories; it may — in fact, it 
does — rest essentially on the positive value 'of 
the theory as a means for systematically explain- 
ing the relevant facts, and disproof is only a 

I vide Gibson, op, cit, pp, 413-4??. 
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subsidiary ?i.ucl supplementary operation, in no 
sense of primary importanee. ^ 

To these contentions may also be added another made 
#^by Joyce,* who maintains — 

(5) That an ar^unpont drawn by the process of 
elimination remains for ever inconclusive. Our 
aim should be not merely to eliminate those 
a.utecedents which are not the cause ; we must 
have positive grounds for asserting that the effecJ 
proceeds from such and such a fact and from no 
other. 

Wc shall now answer very briefly each of these con- 
tentions in their serial order : — 

(1) There is no reason to suppose that the jMethod of 

Agreement alone is a method of Elimination. 
Mere statement or conjecture is no proof. Mill 
himself explicitly tells us that all his methods 
“ are methods of elimination. The Method of 
Agreement stands on tlui ground tliat whatever can 
be eliminated, is not connected with the pheno- 
menon by any law. The Method of Difference 
has for its foundation, that whatever cannot be 
eliminated, is connected with the phenomenon by 
a law. The Joint Method is a double employment 
of the Method of Agreement. The Method of 

Besidues is a peculiar modification of the 

Method of Difference,’' (III. viii. 3-5) and the 
Method of Concomitant Variations is but a modi- 
fication either of the Method of Agreement or of the 
Method of Difference ” (III. xxii. 4). Thus each 
of these methods seeks to establish the relation of 
causality by eliminating parts of a complex pheno- 
menon. Mill’s own statement leaves no doubt on 
the point. 

(2) Hence it is entirely arbitrary to suppose, as Boyce 

Gibson does, that with regard to the Method of 
Difference Mill used the term * elimination * in the 
‘ vide Joyce, op. cit. p. 331. 
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sensti of ‘ ])hy8ical oxclusiom’ The truth is that 
elimination is a mental process, and does not' mean 
pliysical exclusion. By this process our mind 
^^ludes us in the discovery of causes or effects, since 
the relation of causality ^cannot itself be perceived 
From the quotation given above it does not appear 
at all why Mill should abruptly use the term in an 
entirely diffc'nuit sense, wlien speaking of the 
Method of Difference. That he does so is merely 
an assumption, which is not supported by anv 
arguments Again, to contend that the Method 
of Diff('r('nce does not propose to eliminate the non- 
cause but to establish the cause seems to us like 
putting the cart IxTore the horse. We emphatic- 
ally hold that the cause cannot be established 
except by eliminating the non-cause : there is no 
other way. Otherwise, negation will have no part 
to play in reasoning. We might examine a 
number of positive cases to verify a cause, but even 
a single negative instance would be sufficient to 
disprove our theory Hence the proper way is to 
attempt eliminating gradually all those factors 
which are non -causes, and then to discover the 
cause. Such cause could them be deductively 
verified. 

(3) There is no wonder whatsoever in Mill’s Canon of 
the Method of Concomitant Variations being of a 
positive character, since all these rules aim at the 
discovery of a causal relation. But why should 
it be necessary for its ground of elimination also 
to be of a positive character? How can a principle 
of elimination have a positive character? Elimi- 
mination implies negation, and it is through 
negation that the positive aim of the discovery of 
a cause is satisfied. Boyce Gibson has therefore 
been struck by an illusory opposition. We hold 
that there is no discrepancy on the point between 
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the Mctliod in question and its ground of elimina- 
tion. , 

(4) If ill’s ]\l(‘tliods are “ tlio positive verification 
^ludhods,” wliy treat tlic Method of Agreement as 
an r,rcr pfioti ? hW, hy doing so, don’t you weaken 
your own content urn, as three of the remaining four 
methods do in same way involve that of Agreement? 
Ih'sidc's, the main contention is itself untenable. 
We do not dcMiy that llu! ultimate aim of the 
inductive' logician is to establish a cause rather than 
disprove', a nem-cause', but the Methexls unde'r 
discussion are* e*e)re)llaries deduced from the scienti- 
fic, conce'f)tie)n e>f (huisc', itself, and as such lay 
dowm practie'al rule's for the discovery and ])roof of 
cause (or e'ffe'ct). Ye)u cannot establish any theory 
\mtil yeni have be'c'ii able to disprove its rivals. 
This function e)f Elimination can hardly bo 
epu'stie)ne‘d. We' maintain that it is in this spirit 
that the* Me'thods we're formulated, and that they 
woulel be', absolute'ly futile' if e'limination did not 
play its part in them. 

Bovee^ (libsoii proposes to substitute Bosanquet’s 
IMethoel e)!' Analysis (or the Metliod of Elimination, and 
state's tlu' latl('i‘'s vu'w as folle)w.s ; ’ — Induction is the^ 
progressive ‘ moulding of ]ly[)othesis ’ througli a process 
which is a fairifying by e'xceptions and a limiting by 
negations. In this process we have central importance 
attached to the positive ])rogressive elaboration of (jausal 
('X)nnexions, with a clear recognition of the part played hy 
negation, and in particular by elimination. Now, so 
far as Bosanq net’s view is concerned — which is quoted 
with approval by Boyce Gibson — we fail to see any 
essential difference with our position. If Induction is 
* rl<h. Ro.sfniquet. I.oqir vf>I. Tfl rh. iv p. 117 juid cli. 
V, pp. 166-167 quoted by Mr. Boyce Gibson in support of his 
contention. 

cf. Gibson, o/>. cit.^ p. 420. 
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the progressive moulding of Hypothesis, its end can only 
be lealised by means of Elimination. We do not know 
of any other way in which Hypothesis could be 
“ moulded ” than by tlie gradual exclusion' of the 
irrelevant or the non-cause. This truth is recognised by 
13osan([uet himself wdien he describes the process as “ a 
purifying by exceptions and a limiting by negations.” 
Is the jjositive verification of Cause possible without such 
operation? And is it also not admitted that ” the 
nositive, ^progressive elaboration of causal connexions ” 
}8 based on a (dear ” recognition of the part played by 
n{'gati(3n, and in 2 )articular, by elimination ”? Bosan- 
(piet’s view therefore sunp(jrts our position rather than 
the other. The otdy difference may be that he shifts the 
emphasis on the ultimate aim of the inductive inquiry — 
which is certainly positive; wlule, concerned as we are 
more directly with IMethods, w^e prefer to emphasise the 
nature of the process through which alone a causal 
relation can be established. 

(5) As to Joyce’s coiiteiition, the above statements 
suffice to refute it. We may only add that no 
argument could be more inconclusive than that 
which proceeds without elimination. A hundred 
and even a thousand instances may not succeed in 
proving a causal connexion, while one instance 
alone may suffic^e to disprove it. To assort that 
“ an arguintmt drawn by the process of elimination 
remains for ever inconclusive ” is, therefore, to 
make a statement that is its ow n refutation. 

Our doctrine that Elimination is the essence of 
Induction gains further support from an entirely indeperi- 
dent source, viz., Hindu Bogie. There the principle of 

Elimination is clearly laid down, e.g., in Kanada’s Sutra : 
“ ” (I. 2. 1), which means : 
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“ From the non-existence of cause is the non-existence 

% 

of effect.” This implies tliat in Artier to deter- 
mine the cause of a jdienomenon we should 
begin 1:)y negating eliminating those circums- 
tances without wliicli it \youl(l nevertheless exist 
( )\ and those in whose 

presence it would not exist 

These principles are the same as the grounds of the 
Method of Agreement and th.at of Difference. We are 
also told in Hindu Logic that the establishment of a 
universal connexion ( ) between cause and effect is 

based on our (lisprovituj the connexion with anything else 
{ ). The principle of Elimination 

also follows from the general notion of Cause as ‘ 

/ 'oiz,j ‘ That whose existence pro- 
duces the effect, and whose non-existence produces the 
non-existence of the effect.* That the positive verifica- 
tion of Cause is impossible without the exclusion of the 
non-cause is evident from the text : ‘‘^T 
*WTTr the proposition ‘ where 

there is smoke, there is fire,’ tlie co-existence 
of ‘ smoke ’ and ‘ fire ’ is proved by the ‘non-perception 
of exceptions ’ ( ), i.c., by disproving the 

co-existence of ‘ smoke ’ with any other cause ( ) 

The locative singular is important as it indicates that 
elimination must necessarily serve as the basis for the 

’ Kanada adds in the following sutra : “ ^ 

** {f-2-2), i,e,y the non-existence of cause does 
not follow from the non-existence of effect. 

r^h. The VfddfitajKtr/hlKnha, If. 4. Thin explains 
further how (co-existence) of and is 

recognised. 
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ostabliKliiiient of cause. Be.sides, if is well-known liow' 
great importance is attaclied to Elimination ( 
and wiiat prominent part is played by Negation ( 
in Hindu Logie. It is, therebv'e, superfluous, to dwell 
any longer on tins aspect of tlie question. 

We might aJso mention tluit after watching very 
carefully the way in wliicii little children enquire about 
the cause of several ])henomena tliey come across, we find 
that elimination is instinctively present in their argument.s 
as well. If you tell them “ I shall not take you out for 
a drive this evening because it is raining,” you will in- 
\ariahly he met with the query ” hut if it does not rain,” 
and you are compelled to say “then, of course, 1 sliall 
take you out.” You say ” ] will punish you if }ou will 
break this to\ ” — and at onci‘ tlu' little one would say 
“if 1 do }i()t hrt‘ak it.“ Such (wamples can easily h(» 
multiplied. We do not mean that such like simple 
statements illustrate the a{)phcation of ^lilTs fundamental 
method, hut that the child-consciousness and its power of 
arguing devedop through luujdtion, and with the gradual 
evolution of tht' child-mind, (‘limination comes into 
evidence more and inori'. d'his fact lends additional 
sup{)ort to our doctrine. 

4. The Method of Agreement. 

(a) K.vdm jiJcs : — 

(1) ]tcat expands a bar of iron; it also exjiands a bar 
of silver; also a bar of lead, copper, brass, (dc. 
therefore heat (‘Xjiands metals. The phenomenon 
under investigation is the expansion of metals. 
Heat is the one circumstance present in the 
antecedents of the instances, and is, therefore, the 
cause of the ])henomenon. 

(2) 1 tak(' m> breakfast and begin vomiting after a 

few minutes. What is the cause? T recollect 
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tiiat some wec'ks ago 1 had taken sour milk and 
begun to vomit afterwards, tliis^timo also I liad 
taken sour milk; hence taking sour milk is the one 
’'common eireiimstance prcisent in the various 
anlecedcmts of tfie two occasions, on which the 
ph('nomenon occnrri'd and is tliercdbre its cause. 

(8) Throe whitt‘ rats in iron cage were left under the 
sun for a cou})le of hours. On returning home 1 
found them all dead. I woiidcu’ed how they all 
died. Next time* I again ke])t two such rats in the 
samii place and discov('rt*d that they expired them- 
selves I gathered tliat their liaving been piit 
under tlu* sun causi'd their death. 

(4) J was up last night till late hours, busy with my 
studic's, and in tiie morning 1 ft'lt drowsy and 
fevt'risli. I reinoniher about a month ago I had 
be('n to tlu*. tluuitre one niglit and returned very 
late*; the ne'xt morning 1 had the same feeding of 
drowsiiu'ss, etc,. On another j)revious occasion 1 
had attended a marriage-])arty and was compelh'd 
to remain there till midnight. On getting up early 
in the morning I felt feverish. Now, the ])heno- 
menon undt'r investigation is my feeding of drowsi- 
ness and feverishness. It may have been caused 
by a number of things but in all the above instances 
the only common ciremmstance is my kee])ing up 
late at night, whiedi she)uld therefore be takem as 
the cause'. 

(b) //'S' ] ArniidiinyiH mid (Aiiicisni, 

(i) The Method is })ased on the assumption that an 

effect has only one distinct cause and is not the 
result of an inter-mixture of effects of several 
antecedents. Jevons states the formula for the 
discovery of the (*ause of a phenomenon by this 
method as — “ The sole invariable antecedent of a 
phenomenon is })robably its cause.” 

(ii) It assumes the existence of one common circum- 
stance in a number of instances, and from its 
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symbolic formula it is no doUbt evident that such 
commoif circumstance may be separated from the 
rest. But actual facts are not such as to be for- 
mulated in symbols. The state of thkigs pre- 
supposed by tlie Methdd does not actually exist. 
Tber(‘ is a great complexity of 2)henom('na in 
nature. The common circumstance exists in 
c'.onj unction with various other circumstances, and 
can only be separated by analysis which is by no 
means an easy task. 

(iii) It is ])ure]y a Metliod of Observation. — We observe 
a number oi instances in whicli a given pheno- 
nnaion occurs and try to ascertain the only one 
relevant and important circumstance common.^ 
It is not a metliod of mere agreement*- but of 
siiKjJc agreement. The general distinction 
betwec'ii a Purely Observational Method and an 
Experimental Method is tiiat wliile the former 
proceeds from efh'ct to causes, tlio latter proceeds 
from causes to effects. Boyce Gibson formulates 
this distinction more precisely as follows:-^ 
“ Where the start is made from effects, i.e.y from 
facts or t'vents viewed in the light of a causal 
interest — and causal explanations are tentatively 
formulated without any attempt to verify them by 
af)p(‘al to positive and negative instances, the 
Method is Purely Observational. Where, on the 
otlu'r hand, both positive and negative instances 
are used, with a view to the verification of 
suggested causal connexions, the method is 
Experimental. 

‘ The common circumstance selected must be * relevant 
and important,’ as otherwise the number of irrelevant and 
unimportant of such circumstances is infinite, and then no 
practical application of the method would be possible. 

• cf. also Gibson, op. cit.^ p. 396. 

If it were so, it could be founded on simple enumera- 
tion, instead of elimination. 

^ op. cit.y p. 401. 
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(iv) ^ Being a purely Observational Method the inference 

yielded by it cannot claim more than tentative 
certainty, until it is eonlirmed by tiie use of 
ifegative instances. Eor that reason we should 
say * the common* circumstance is probably its 
cause,’ it we want to be precise. This method, 
therefore, can at best say (jest a causal connexion 
but cannot prove it. Sometimes it fails to suggest 
even a causal connexion. It may mistake mere 
concomitance for a causal connexion. It is the 
method of proof “ for all conjunctions whatsoever — 
whether Causation or Co-existence ” (Bain, p. 52). 
Bor instance, when we see the mounted Police 
stopping general tralhc in the streets of Calcutta, 
we expect the Covernor’s Car to follow. Here 
there is no causal connexion betwe.en the two facts. 
Tims no sate generalisation can be based on tiiis 
Method taken by itself . 

(v) This Method is vitiated by the Plurality of Causes. 

We cani'ot lay down with certainty the only or 
necessary cause of a given phenomenon; we can 
only say that a certain antecedent is a cause, not 
the only cause of the phenomenon. There may. 
for instance, be as many as ten causes to product; 
madness ; and we cannot ascertain the cause of llio 
madness of a particular person by means of this 
Method. It must be clearly understood that the 
term ‘ cause ’ is used in its popular sense in the 
application of the Inductive Methods, hence the 
Plurality of Causes is a legitimate obstruction in 
the way of a successful working of this Method. 
But at the same time it is easy enough to discover 
that this ditiiculty is mainly due to our own super- 
ficial and vague analysis. If we are careful enough in 
sifting the relevant from the irrelevant the chances 
of our failure are greatly reduced. To counteract 
the defect due to the plurality of causes, it is 
necessary to extend our investigation over a large 
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number of instances. The force of this method 
lies in 'Gie number and variety of the instances we 
observe^ since it is only tluui tliat the cliances of 
our failure to eliminate the circumstances that are 
not eotnmon to all instances are counteracted. 
Thus Alellone s statenuait of the First Canon is 
signiticant : “ When obs(!rvation shows that two 

evtaits accompany one another (either simultane- 
ously or in suc(a‘ssion) ; it is probable that they are 
causally (*oinu‘ctcd; and the ])robability increases 
with th(‘ numbi'r and variedy of the instances. 

o. The Method of Difference : — 

(a) l^j'ani pirn ■ — 

(1) A man used to taking" two meals a day takes a 

luaivy lunch one day. His subsequent illness is 
as(U’ibc'd to ih(' additional nu'als, which his system 
could not e\id('ntly dig(‘st. 

(2) A blue litmus pajau’ immersed in an acid is changed 

into red change of colour is due to the 

action of the acud. Here evidently tlui phenomenon 
under invt‘stigation is tie* change of colour; and it 
is presemt in the instances in which the action of 
an acid is pia^siuit, while it is absent wdien the 
action of acid doc‘s not taKC place. The two ins- 
tances agree in everything exce])t in the circum- 
stance, the action of the acid. 

(8) You put a little sj)irit in a spirit-stove and light it. 
The spirit is consumed but the stove doesn’t burn. 
You now' pump it, and the blue flame appears with 
a roaring force. You therefore ascribe the burning 
of the stove to tlu' pumping action. Without such 
jiction the flame did not appear; with this action it 
did apj)ear. Hence it is the one circumstance in 
which the two instances do not agree, and which 
has therefore brought about the difference. 

IS, H. Mellone, op, cit.j p. 271. 
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(4) While taking ^our breakfast you suddenly receive 
the news of the death of a dea^ friend. Your 
countenance changes at once, you leave off your 
breakfast, go into the bed-room alone, and tears 
flow from your ey^^s spontaneously. All this action 
is due to the receipt of the unhappy news. 

(5) You hold a cigarette in your mouth, but cannot 
smoke it unless }ou liglit it. Hence it is tlie 
lighting of the cigarette which enabled you to smoko 
it. 

(6) You load a pistol and hold it in your hand. It does 
not fire. You now pull the trigger, and out goes 
the shot. Hence the ])ulling of the trigger, other 
circumstances remaining the same, was the cause 
of the firing of a shot by the pistcl. 

(7) You enter your room at night : it is all dark. You 
find your way to the switcdiboard and switch tlie 
current or. Immediately the whole room is 
lighted. Tlu' turning of the switch caused ihe 
1‘ghting up of tlie room. 

(8) About 00 lights and 12 fans are on in a big bungalow 
and great festivities arc going on. Some one, out 
of ignorance or anuisenu'nt, turns the main switch 
down, with the n^siilt that all lights disappear and 
all fans stop. 

(0) You go to a doctor complaining of constipation and 
h^ver. Ho prescribes a certain purgative. Threii 
hours after taking tlie purgative you feel quite, 
yourself again; all fever and constipation have 
disappeared. The purgative is the cause of your 
cure. 

(10) I have takcai a long walk and feel very thirsty. I 

take a glass of water and at once my thirst is 
quenched. 

(11) “ When a man is sliot tlirough the heart, it is by 
this method we know that it was the gunshot which 
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killed him ; for he was in thfe fulness of life imme- 
diately ^before, all circumstances being the same 
except the wound ” (Mill). 

Thus, it is obvious that there must be twovand only 
two instances of the phenomenon under investigation. 
They are each of them a complex sequence but differ by 
a single sequence, which is jnesent in the one instance 
absent in the other 

(b) Uh [jimifations and (^ritirinin : — 

(i) This method is most commonly used in our every- 
day life. In Mill’s words, it is '' a logical process 
to which we owe almost ail the inductive conclu- 
sions wo draw in I'urly life.” Mill regards this 
M(‘thod as the rxpcrimctital method par excelle^iccj 
the only one hy which ” we can ever, in the way of 
direct experience, arrive with certainty at causes.” 
It gives us ” rigorous certainty.” 

(ii) It is ess(uitially a method of Experiments. It 
compares a pob'itivc instance with a negative 
instapcic in ordcT to hnd out that there is no other 
difference between the two instances except the 
presence of tiie supposed cause in one and its 
absence in the other And this cannot be ascer- 
tained by observation. Nature is not our slave. 
She is not under, any necessHy to present to us a 
state of things which will suit our purpose and 
requirements. Hence we have to produce our two 
instafRu's by (‘xperiment, one after the other, and 
it is only then that the one essential respect in 
which the two instances differ can be traced. 

(iii) Eor the successful working of this Method it is 
lu'cessary that we should introduce or remove only 
one condition at a time. Every phenomenon is a 
complex whole, and our analysis attempts to iso- 
late its various conditions or circumstances. Unless 
we change one circumstance at a time, we are 
likely to be baffled in our inquiry by the inter^ 
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mixture of effects. If we vary two conditions at 
a time, H mi^ht result in the ^dermixture of 
Effects or the effect of one may ho neutralised hy 
t^at of tlie other. 

(iv) It is desirable tlmt change should he introduced 
as rapidly as possible, otherwise the effect may 
mix up witli othi'r clumgc's, and no d(‘finit(‘ 
inference will result. 

(a) hj.raoi plrs : — 

(1) 1 observe that wheiu'ver I talu' a (*up of tea after 
dinner I do not feel inclined to retire to bed early. 
1 therefore presume a causal relation between the 
two facts. This presumption is further strength- 
( Tied if I find that whenc'ver I do not take tea after 
diniu'r, I f(‘el an inclination to sleep. Evidently 
I coniK'ct causally the taking of t(ai aft('r dinner 
witli no inclination io sleep early. 

(2) I observe that whenever I take fish and eggs I am 
constipated : I infer that constipation is caused by 
that particular diet. But this inference is con- 
firmed and my conviction is strengthened if I find 
that whenever I avoid taking fish and eggs I do not 
complain of constipation. 

(3) Grapes grow in abundance on the soil of Afghanistan. 
I do not find them anywhere in Bengal or Bombay. 
Hence my belief is strengthened that there must 
be something in the soil of Afghanistan favourable 
to the growth of grapes. 

(4) The formation of dew: “ It appears that the 
instances in which much dew is deposited, which 
are very various, agree in this, and, so far as we 
are able to observe, in this only, that they either 
radiate heat rapidly or conduct it slowly : qualities 
between which there is no other circumstance of 
agreement, than that by virtue of either, the body 
tends to lose heat from the surface more rapidly 
than it can be restored from within. The instances, 
on the contrary, in which no dew, or but a small 
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quantity of it, is formed, <and whicTi are also 
extremely various, agree (so far as we can observe) 
in nothing except in not having this same property. 
We seem, tlicrefore, to have detected charac- 
teristic difference between the substances on 
which dew is produced, and, those on which it is 
not produced.” (Mill, III. ix. 3.) In this way 
the requisitions of the Joint Method have been 
realised. 

(5) Whenever I come down and stay in Bengal I suffer 
from Indigestion. Tlie presumption, therefore, is 
that my Indigestion is due to the climate of Bengal. 
This belief is further confirmed if I get rid of my 
indigestion whenever I am away, e.g.y whenever 
I visit the Punjab or Kashmir and stay there for 
sometime. 

(b) Its Limitations and Criticism. 

(i) There are two series of instances, in the one the 
causal sequence is present, while in the other it is 
absent. Obviously the two sets taken together 
resemble a good deal the Method of Difference. 

(ii) But the real nature of the Method is aptly expressed 
by the title ” the Method of Double Agreement,” 
for, as Mill has pointed out, it consists in a double 
employment of the method of (single) Agreement, 
each proof being independent of the other and 
corroborating it. It is a peculiar modification of 
the Method of Agreement. 

(iii) Rightly, as Mill observes, this method is a great 
extension and improvement of the method of 
Agreement, but it likewise falls short of proving 
causation. It does not rise up to the cogency and 
exactness of the Method of Difference. At best it 
cannot do more than suggest the likelihood cf a 
causal connexion. 

i(iv) Although it leads to greater probability than the 
Method of Agreement, yet it is not quite free from 
the characteristic fault of the latter. Even the 
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double emplQj^ment of Agreement fails to eliminate 
the defect of the Plurality of Causes. The pheno- 
menon under investigation may sliow that a given 
effect may on any given occasion be brought about 
By a plurality ^of causes. i The agreement in 
presence as well as that in absence only suggests a 
causal presumption, but is not so exact or complete 
as to prove causation. 

(v) It is like the Method of Agreement, an essentially 
observational method. It does not require us to 
prepare our instances under artificial conditions, but 
takes account of such as are available by observa- 
tion. 

7. The Method of Concomitant Variations :~ 

(a) Examples: — 

(1) On a dull and sultry day in summer I do not feel 
disposed to eat anything. On the other hand, on 
a cool and breezy day my appetite is much in 
evidence. By the Method of Difference it may be 
proved that tlie cold is the cause of my appetite for 
food. But if we find that as winter sets in my 
appetite gradually increases, and that during the 
summer months it again decreases, we apply the 
Method of Concomitant Variation and infer that 
the increase or decrease of my appetite for food is 
due to an increase or decrease of the cold. 

(2) Suppose there are four electric bulbs of 50 c.p. 
each fixed up in my study. I switch on one light, 
the room is lighted; I put on the second light, the 
light is increased; I do so with the third, the light 
is still further increased; and with the fourth on, it 
becomes very brilliant. If I were to measure the 
gradual increase in the intensity of lights (by means 
of a Photometer) I would find that the increase in 
such intensity was determined by the increase in 

* “ The reason is that the effect to be accounted for is 
as unprecisely conceived in the second application as in the 
first Gibson, op, cit, p. 400. 
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tlu; luiinber of used. T^lms l)y the Meiliod of 

( ’onieoinitant Variation I could establish a «quaii- 
t'tativ(‘ {elation between the amount of electric, li^ht 
and the dej^naa' of illumination of my room. 

(.‘1) I order a jug of hot water. The servanf luaits a 
litre of watt‘r o\(‘r a spirit-lam [> and brings me a 
jugful in about 10 minutes. Jlut on another 
()C(aisi(jn when I want hot watcu- for my tea, which 
is g(‘tting cold, 1 cannot wait sf> long; 1 order him 
to fetch nu‘ th(‘ same* amomit of hot water within 
sonu* five miinites. lie succeeds in doing so, but 
o!ily i)y using two spirit-lamps of the same power. 
Th(‘ inf(‘r(‘nc(; is that the rise of temperature of the 
water in laich (!ase is due to the corresponding 
increase in the heat applied. 

( Ij The more you use your physical or mental powers, 
th(‘ naa’c developed they become. Therefore, the 
use or exercise of a power is the cause of its 
development. 

(o) We fix an idectric bell on to an air-pump under the 
receiver. You can hear the bell ringing. It will 
kei‘p on ringing so long as the electric current is 
on. Now, without breaking the current, begin to 
work the air-pump. With each stroke of the pump 
some air will be exhausted from the receiver, and 
the sound of the bell will gradually become fainter, 
until at last it will altogether cease, when no air is 
left in the receiver. If the air is allowed to pass 
back into the receiver, the sound of the bell begins 
to bt‘ heard, it becomes clearer and clearer till the 
original intensity is resumed. Thus we prove that 
there is no sound in a vacuum. 

(()) This Method is also illustrated in determining the 
relation between the ebb and flow of the tides and 
the waxing and waning of the moon. 

(7) The weight of a body varies directly as its mass and 
inversely as the square of its distance from the 
centre of the earth. That is to say (a) as the mass 
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of a body iifcreases, its weight also increases, and 
(b) as the distance of a body fron^ tl\e centre of the 
eartli increases, its weight decreases. 

(8) ^’lie nua’e 1 attend to an idea, and the more often 
I repeat it, tlie gfeatiT is its rt'tenlion in memory. 

(Vi) Tlie rise and fall of the mercurial column of a 
thermometer varies with the increase and decrease 
of the temperature of the medium to which it is 
applied. 

(10) Mill’s ('xample (»f the first law of motion — tliat all 
bodies in motion continue to move in a straight line 
with uniform velocity until acted upon by some 
new forei'. We cannot }>rove this law by the 
AL^tliod of Differeiu'c, since it fails to overcome the 
diflicailty of i)en)iancnt cauncH, {i.c., causes whose 
agency cannot bo eliminated, gravitation.) 

Nature does not present any instance of perpetual 
motion, but th(‘. various obstacles, friction, 

atmospheric resistance, elt;,, en(M)imter(‘d by a 
moving body, may be taken into consideration. We 
cannot, liouever, j)roduce an instance in wliic'h 
tli(‘se obstacle's would bo (‘iitiroly absent — in other 
words, llio method of Difference is inapplicable. 
All we can do is to modify what cannot be altogether 
(‘.rcludrd, the modification of a condition meaning 
according to Mill, “ cluuige in it, not amounting to 
its total n'lnoval.”^ If we modify tlu‘. obstacles 
to perp(‘tual motion, i.c., diminisli in this way the 
resistance' to a moving body, we find a correspond- 
ing increase in the time for whic.h a motion 

> “ It is a methodical modification of this kind which 
constitutes the Method of (J on com i font Variotion.^ ; and the 
most striking application of this method, as Mill points out, 
takes place in the cases in which the Method of Difference is 
ruite inapplicable, e.g.^ in establishing laws of heat, 
gravitation, friction. We here make a series of partial 
experiments, in which we proceed by a gradual quantitative 
modification of the constituent which cannot be whollv 
withdrawn,’’— 'Gibson, o/?. cit.^ p. 405. 
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continues. By such like expeiflments alone can the 
law be Qr,tablished. 

(b) Its Function, Limitations and Criticism : — 

(i) The Method is an extension of the Mathod of 
Agreement or the Method of Difference, or of both, 
as the case may be. The inference drawn by this 
method is therefore affected by the limitations of 
those two methods, and its principle does not 
essentially differ from them. 

(ii) It cannot prove a causal relation, particularly 
when the variation cannot be exactly measured. 
Moreover, the two phenomena varying together 
according to some numerical relation may not be 
related to each other as cause and effect. They 
may both be joint-effects of a single cause. 

(iii) It is a useful supplement to the qualitative 
methods, and is usually employed to determine a 
prc'cise quantitative relation. We first ascertain 
by the Metliod of Difference that a certain cause 
produces a certain effect, and then use the Method 
cf C'oncomitant Variations to determine the 
quantitative relation between them. 

(iv) There is a particular danger in the emplcyment of 
this metliod. One is tempted to imagine that the 
Concomitant Variation which holds good within 
certain limits will always hold good. But such a 
universal law cannot be framed. Variation is not 
always continuous. For instance, (a) As we 
increase the temperature of water at the sea-level 
continuously from O^C. we mark a corresponding 
increase in its density up to 4^C, but after that 
point, although the temperature may be continu- 
ously increased ip to lOO^C, the density decreases; 
(b) In tropical climate, the greater the rain-fall the 
greater the wheat or rice crop; but if the rain-fall 
is excessive, the crop fails altogether. Thus 
variation holds good within some definite limits. 
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(v) Where the •Method of Difference cannot be applied, 
this Method can be applied io determine the 
qualitative or the quantitative relations between 
two or more circumstances of a phenomenon, when 
they cannot be •separated from it. In such cases 
this method is particularly useful and is, in fact, 
the only method that can be employed. 

8. The Method of Residues : — 

(а) Examples: — 

(1) In a room usually lighted by 4 electric bulbs, of 
50 c.p. each, an additional light-point is fixed, to 
which is attached a bulb of 100 c.p. When all 
the five lamps are lighted, the illumination of the 
room is much more intense. Subducting from this 
intensity the degree of illumination I Imd so far 
with 4 lamps, I can infer by the Method of 
Residue that the remaining degree of illumination 
is caused by the fifth lamp, newly put. 

(2) Subducting from the phenomena of living things 

those effects that are due to physical or chemical 
forces, we have to account for those which are left 
behind and this leads us to the inference of vitality 
as their cause. 

(3) By the same n)ethod is proved the existence of the 
mind; the phenomena of the mental world cannot 
be explained in terms of matter. Subducting all 
that can be so explained, a residue is left behind, 
which cannot bo accounted for except on the 
assumption of a mind. 

(4) A and B can build a wall in 10 days; A alone can 
build it in 15 days. We can find by this method 
how long it would take B to do the same work. 

(5) You ascertain the weight of a tin of ghee by first 
weighing the ghee and the tin, and then subtracting 
the weight of the empty tin, known already. 

(б) v/e can find out how much of the spring tides is 
due to the attraction of the Sun. By previous 
inductions we know the average height of the tide 
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due to the moon. Subtracting^ this from the whole 
lK3ight, wt got the remaining part of tlie spring* tide 
duo to tlie attraction of the sun. 

(b) Its Funcfioyi, J Amitations (Did (A'ificism : — „ 

(i) regards this method hs a p(‘culiar inodifieation 
of the Method of Difference. 

(ii) This method can only he ap])lied when we already 
know a great deal, i.e.^ it rests on previous induc- 
tions and consequently partakes of a deductive 
character. 

(iii) 33 ig analysis of the phenomena effected by this 
imdhod is mentid ratlu'r than actual. 

(iv) The method can he applied in cases both of 
observation and expcu’iment. In experimental 
cast's it is a (luantitafivc method, {e.fj. in chemical 
analysis) in cases of observation it is a qualitative 
metliod and seeks to find out a cause qualitatively 
adequate to account for the observed (‘ffect. 

(v) It is found particularly useful in Astronomy. * 
For instance, the planet Neptune was discovered in 
1846 by Adams and Leverrier (working independ- 
ently) by observing the residual effects of the 
motion of Uranus. After allowing for the perturb- 
ing inffuence of hnown planets and the attraction 
of the Suin a residual effect was noticed as due to 
the perturbation of some unknown planet, which 
was found to be Neptune. 

(vi) By the use of this method remarkable discoveries 
in Chemistry (where exact measurements are as 
necessary as in astronomy) have also been made 
lAn’ instance, Argon was discovered as a cons- 
tituent part of {itmosphere by Lord Eayleigh and 
Professor Ramsay in 1894. It was found that 
nitrogen extracted from the atmosphere was 1 per 
cent, heavier than its usual density. Various 

^ “ Almost all the greatest discoveries in astronomy have 
resulted from the consideration of residual phenomena of a 
quantitative or numerical kind.’^ — Herschel. 



M4Lr/S INDUCTIVE METHODS i;U 

hypothosos were put forward to explain tliis residual 
]}henomenon, and at last tlfe lu'w chemical 
element, kiK)wn as Anjou, was discovered. 

(vii*) This method is used as a “ iinger-[)Ost to the im- 
ixplained.” it is thus a method of discovery 
rather than of proof; in other words it is a source 
of hypothesis ratlier lluin a mesins of testing; them, 
(viii) The method is ap])lieable only to easi's of houiogcne- 
ous inf c r}}n,ri lire of ejfecisA To make it clear, we 
have to explain what we mean by the Intermixture 
of El'f(‘cts. 

9. Intermixture of Effects.— C ausaiion is a complex 
plieiionienon, in which, as a rule, various agents co- 
operate to bring about an effect. If the effecTs of those 
agents do not intermix, each is distinguishable separately. 
Jlut wlien there is an Intermixture of ElfecTs, due to the 
interference and conjunction of causes, it is, as Mill has 
pointed out, eitlier (i) Homogeneous, or (ii) Tleterogene- 
ous. “ It is iiomojencotis when the concurrent causes, 
whilst more or less modifying, or even counteracting, each 
other s eftecds, still exert their lull elficacy, each according 
to its own law — its law as a separate agent.* 

It is heterogeneous or li etcropatJiic when ‘ the 
agencies which are brought together (*ease entirely, and 
a totally different set of plienomena arise : as in the 

In cases of ‘ JieteropatJiic intermixture of effects,^ we 
must resort to experimnit alone in order to find out the 
separate influence of each, and the different effects it will 
produce in combination with others. 

“ Mill cites the following example to show the mutual 
interference of homogeneous effects resulting in complete 
Counteraction: “ A stream running into a reservoir at one 
end tends to fill it higher and higher, while a drain at the 

other extremity tends to empty it Even if the two causes 

which are in joint action exactly annul one another, still the 
laws of both are fulfilled : the effect is the same as if the 
drain had been open for half an hour first, and the stream 
had flowed in for as long afterwards t^vicle III. vi. 1.), 
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experiment of two liquids which, when mixed in certain 
proportions, instaVtly become, not a large amount of 
liquid, but a solid mass’.” * 

A homogeneous intermixture of effects is due to a 
Composition of Causes , 2 the total effect in this case being 
of the same kind as the eifects of the single causes acting 
separately. A heterogeneous or hcteropathic intermixture 
of effects is, on the other hand, x^rodueed by a Combina- 
tion of Causes, in which case the total effect is of a 
different kind from the single effects, the co-operation of 
the different causes having undergone mutual modifica- 
tion. When the full consequence of a Law are modified 
or neutralised by other Laws, it is called a tendency, 
” All laws of causation, in consequence of their liability 
to be counteracted, require to be stated in words affir- 
mative of tendencies onl}^ and not of actual results.”^ 
Era tuples : — 

Homogeneous Intermixture : — 

(1) Lour students, each with a pair of oars, enter a 
racing boat. Each rows separately in turn, and 
the boat moves slowly. Now all tlie four begin to 
rovv simultaneously, and tlie boat moves like a shot. 

(2) If two ropes of equal length are fastened to a boat 
and two men puli it from the opposite shores of a 
stream and run in tlie same direction, the boat will 
move in the middle course, along the diagonal 
direction of the parallelogram of forces thus 
formed. 

(3) If two forces of equal magnitude are exerted in 
opposite directions on the same jiarticle, it will not 
move. 

'Gibson, op. cit., p. 375. 

•“I shall give the name of the Composition of Causes 
to the principle which is exemplified in all cases in which the 
joint effect of several causes is identical with the sum of their 
separate effects (Mill). 

* vide Mill, III. x. 6. 
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(4) A man’s choice of alternatives in the course of his 
conduct depends on various factoi^, such as his idea 
of pleasure, utility, environments, education, 
' instinct, etc. 

Heterogeneous cr Hiteropathic Intermixture : — 

(1) A man takes bread, butter, milk and vegetables. 
This food is assimilated and digested according to 
certain organic laws, and is converted into flesh and 
bone. 

(2) Common salt is a chemical combination of sodium 

and chlorine, whose individual properties disappear 
in the compound. 

Conjunction of Causes. 

Composition of Causes Combination of Causes 

1 I 

Homogeneous Heterogeneous or Heteropathic 

Intermixture of Effects. 

10. Criticism of MilPs Inductive Methods.— The 

following are the characteristic defects of the Inductive 
Methods : — 

(i) The state of things presupposed by the Inductive 
Methods does not actually exist. Our ordinary 
experience is a continuous flow of happenings, and 
it is only after its raw materials have been organised 
into ‘ antecedents,’ ’consequents,’ etc., that the 
Methods are applicable. “ They take for granted 
the very thing wliich is most difficult to discover, 
the reduction of phenomena to formula such as are 
here presented to us ” (Whewell).^ They are 
therefore of no use in the initial stages of any 
science, where the given is always very complex. 
“ Even if they argue from facts at all, they do not 
argue from crude facts, but from a material which 
has already somehow been cut into definite scienti- 
fic shapes. They do not, therefore, begin at the 

* Schiller, op. cit., p. 266. Also cf. A. Sidgwick, op. cit., 
p. 183 ff. 
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bc‘^innin^ of Induction, nor do they adcqu^ately 
dcscriho \lie whole of tlic inductiv(i process. 

(ii) The IMcdhods may he applicable to an abstract 
univ(‘rse but not our ordinary world of (iXftc'rience, 
where their demands can never be complied with. 
The principles involved in the Methods are, as Mill 
holds, summed u]) in the Method of A^^reement and 
th(‘ Method of Diffenuice. The former demands 
two (*ases which have ‘ no circumstance in common 
but c)TU‘,’ but exy)erience dr)es not offer such a 
situation literally. The latter demands two cases 
uliich ‘ diff(‘r in nothing but the presence of one 
circaimstance. ’ But wluTe are we to find such 
cast's? How could we })ossibly know “ every cir- 
(*u]nstanc(' ” and what meaning could we give to 
oiu' ” circumstance?’ Both these demands are 
impossible Taking into consideration the remaining 
Methods also, we find the same remarks applicable 
to them The Joint Method or tlie Method of 
Double Agreement dt'inands instances ‘ having 
nothing in common save the absence of a circum* 
stance' ’ This additional demand is alike impossi- 
ble. The Method of Concomitant Variations speaks 
of any one phenomenon varying u'henevcr another 
])henomenon varies in a particular manner, and 
thereby demands a \miversal connexion between 
tlic two even before tbe Method is applied. 
Lastly, the Method of Eesidues admits knowledge 
, arrived at by ])revious inductions and is really 
di'ductive in character. 

(iii) The methods aim' at establishing laws of causation, 
but the invariability of sequence is already assumed 
by the canons. 

* cf. “ The position from which we are thus invited to 
set out is very far from the beginning of experimental 
enquiry ; the clear-cut instances supposed are possible only 
in an advanced stage of scientific research/^ — Laurie, Mind 
(N. S. Vol. ii), 
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(iv) Mill himself confesses that the Methods are based 
on false assumptions. We havl regarded ahcde, 
the aggregate of the phenomena existing at any 
•moment, as consisting of dissimilar facts a, b, c, 
d, and c, for each of which one and only one, 

cause need be sought But the supposition does 

not hold, in either of its parts. In the first place, 
it is not true that the same phenomenon is always 
produced by the same cause... And, secondly, the 
effects of different causes are often not dissimilar, 
but homogeneous, and marked out by no assignable 
boundaries from one another.” ‘ 

(v) They are inadequate as methods of Proof and can 
st best suggest hypotheses. 

(vi) ” Considered in themselves, and apart from the 
previous knowledge which gives us the material 
for them, and from the discretion which leads us to 
regard their results as tentative and unfinished, the 
rules for correctly interpreting a piece of observed 
causation are about as valuable as the rule that in 
business ” All you have to do ” is to buy cheap 
and sell dear. The important question always is. 
How are we, with the best intentions in the world, 
to recognise before the event the wrong steps we 
may take in trying to follow these excellent 
principles? ” - 

(vii) The Methods fail, in spite of their attempted 
strictness and precision, to avoid error in their 
results. They cannot give us more than merely 
empirical generalisations, by no means universal 
principles. 

(viii) But a meaning could be given to these Methods, 
if we substitute ” relevant facts ” for ” facts ” 
alone, since, as Dr. Schiller has remarked, they 
” were not so far wrong in what they meant. 
Only it is clear that they do not mean what they 

1 Mill, III. X. 1. 

2 Sidgwick, op. cit., p. 188, 
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say The reference to relevance will then ajj once 

transforfn the Methods, and render them scientific- 
ally workable.*** While it may have been 
altogether impossible to find two phenomena 
'' having only one circumstance in common ” or 
“ differing only in one circumstance,” we can 
easily find them having only one relevant, (i.e,, 
important for the purpose in view) circumstance in 
common, or differing only in one relevant point. 
But at the same time, it must be observed that 
the reference of relevance cannot altogether save 
the formal validity of the Methods. ” To admit 
relevance is to renounce the ideal of Formal 
validity *’ (ibid). 

11. Wheweirs Criticism of Mill's Methods.-Whe- 

well questioned the utility of Mill’s Methods and the 
captness of his illustrative examples. Mill has examined 
such objections in the last section of Chapter IX of Book 
III of his Logic. We shall only set down the main points 
of the controversy. 

Whewell remarks that Mill’s Methods only come 
into operation after the crude facts of our actual experi- 
ence have been arranged in neat formulge, such as are 
required by the various canons. In any set of complex 
facts offered to us by Nature, where are we to look for 
our A, B, C, and a, 6, c? 

Mill answers that Whewell’s criticism of the 
Methods is similar to that advanced against the Syllogism. 
It was said that the chief difficulty lay in obtaining the 
syllogism, and not in judging of its correctness when 
obtained. But although both objections are true, they 
are unimportant. For, says Mill, if we try to reduce 
phenomena to formulae without knowing what they are 
to be reduced to, we cannot make much progress. 

'Schiller, op. cit, p 268. 
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Inductive Logic proVides us with rules and models to 
which arguments must conform in order be conclusive ; 
and the Methods do not profess to be anything more than 
such rules and models. ^ 

Again, Whewell says that no discoveries were ever 
made by the Inductive Methods. In this objection too, 
as Mill points out, Whewell was anticipated by the 
assailants of the Syllogism, who said that no discoveries 
were ever made by syllogism. But Wheweirs objection 
would apply to all inference from experience. “ In 
saying that no discoveries were made by the Four 
Methods, he affirms that none were ever made by obser- 
vation and experiment ; for assuredly if any were, it was 
by processes reducible to one or other of those methods ’ ’ 
(Mill). 

In reply to Whewell’s charge that the Methods take 
for granted the very thing which is most difficult to dis- 
cover, Mill says that in the initial stages men do not 
make use of the Methods in their strict form but of some 
other form, simpler and looser. For instance, by observ- 
ing a number of barking dogs, we infer by the Method of 
Agreement that “ Logs bark.'' Then, again, I touch 
the fire and am burnt, I do not touch it, I am not burnt ; 
hence, we infer by the Method of Difference, that “ Fire 
burns." 

Both these examples are, however, faulty. The first 
is an induction by simple enumeration, and in that form 
none but savages and children would use Agreement. 
The other example is equally faulty, as it argues post hoc, 
ergo propter hoc. In the two cases of my being and not 
being burnt by fire, how are we to ascertain that they 
have "every circumstance in common save one"? 
These examples rather warn us against the way in which 
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the Methods are liable to be applied loosely. 

Wh(‘vvell (It^es not deny that the earliest generalisa- 
tions of science may have been arrived at by some such 
Him[)lc ol)servations, but he is not prepared to accept them 
as workings of the Methods in their strict form. The 
fact is that a great deal of work has to be done in the 
rationalisation of experience and the organisation of 
material before the Methods could be made applicable. 

According to Mill, Logic is principally concerned 
with Proof as such. The Inductive Methods are “ the 
sole methods of J^roof.” It is idle to contend that they 
fail as Method of discovery, since discoveries cannot be 
made by observation and experiment without Deduction. 


SUMMAIIY. 

Mill's Inductive Methods 

I. Method of Agreement (or Single Agreement). 

Statement. — When observation sliows that two 
events accompany one another (either simultaneously or 
in succession), it is probable that they are causally 
connected; and the probability increases with the number 
and variety of the instances.* 

Formula : 

antecedent consequent. 

ABC abc. 

ADE ade. 

A — a is a causal sequence. 

‘ The clumsy canons formulated by Mill are not repeated 
here. The statements are enunciated after Dr. S. H. 
Mellone. 
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The sole invariable antecedent of a phenomenon is 
probably its cause. % 

Principle. — Whatever can be eliminated without 
interfe^rinj^ with a j)henomenon is causally connected with 
it. 

Criticism : — 

(i) It is a purely Observational Method. 

(ii) It can only suggest rather than prove a causal 
sequence. 

(iii) Its conclusion is only probable but not certain, 

(iv) It is vitiated by the Plurality of Causes. 

I I . Method of Difference. 

Statement. — When the addition of an agent is 
followed by the appearance, or its subtraction by the dis- 
appearance, of a certain event, other circumstances 
remaining the same, that agent is causally connected with 
the event. 

Formula : 

ABC — abc, 

BC — be. 

.‘.A — a is a causal sequence. 

Principle. — Whatever cannot be eliminated witliout 
interfering with the phenoiTienon is causally conne(‘ted 
with that phenomenon. 

Criticism: — 

(i) It is a mainly experimcTital Method. 

(ii) It proves causal sequences by the verification of 
hypotheses already suggested. 

(iii) It requires only tivo instances, a positive and a 
negative, which are compared. 

(iv) It guarantees a certain conviction, and is regarded 
as the fundamental of all Inductive methods. 

III. Method of Double Agreement, or Joint Method 
of Agreement and Difference. 
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Statement. — Wliatever is pVesent in numerous 
observed instakces of the presence of a phenomenon, and 
absent in numerous observed instances of its absence, is 
probably connected causally with the phenomenon. 

Formula . 

Positive Instances. Negative Instances. 
ABC — abc. BMN — bmn 

ABE — ade. DOP — dop 

AEG — afg. EQE — fqr 

A — a is a causal sequence. 

Principle. — Nothing is the cause of a phenomenon in 
the absence of which it nevertheless occurs, and in the 
presence of whicli it nevertheless fails to occur. 

Criticism: — 

(i) It requires two sets of instances, showing respect- 
ively the presence and the absence of the sequence. 

(ii) It is a great extension and improvement of the 
Method of Difference, and one would not use it if 
the latter could be employed. 

(iii) It falls short of the cogency of the Method of 
Difference, and one would not use it if the latter 
could be employed. 

(iv) It is an essentially observational Method. 

(v) Although an improvement on the Method of Agree- 
ment, it is not free from the defect of the Plurality 
of Causes. 

IV. Method of Concomitant Variations. 

Statement. — If two phenomena always vary together, 
other circumstances remaining the same or varying in- 
dependently, there is probably a causal connexion 
between the two phenomena. 

Formula ABC — abc. 

A, BC — Oa be. 

Ag BC — Og be. 

• A — a is a causal sequence. 



MILKS INDUCTIVE METHODS 147 

Principle. — Nothing is the cause of a phenomenon 
which varies when it is constant, or is constant when it 
varies, or varies in no proportionate manner with it, 

Oriticfsm: — 

(i) It is a further extension of Agreement or Difference, 
or both. It is an improved application of “ Agree- 
ment ” when applied to phenomena which can 
merely be observed; and a more exact application 
of “ Difference ” when applied to phenomena 
which can be controlled by experiment. 

(ii) It fails to prove a causal sequence. The pheno- 
mena in question may both be joint-effects of a 
single cause. 

(iii) It is usually employed to determine an exact 
quantitative relation. 

(iv) The variation of phenomena holds good only 
within certain limitations. 

(v) It fails to cope with the difficulty of Permanent 
Causes. 

V. Method of Residues. 

Statement. — Subtract from a phenomenon those 
elements whicli are due to known causes, the residue will 
be the effect of an unknown cause. 

Formula ABCD — abed \ 

^ > known sequences. 
B-~ b ' 

A — a is a causal sequence. 

Principle. — Nothing is the cause of one phenomenon 
which is known to be the cause of a different phenomenon. 

Criticism: — 

(i) It rests on previous inductions. 

(ii) It is deductive in character. 

(iii) It is a quantitative method when applied to experi- 
mental cases, and qualitative when applied to cases 
of simple observation. 
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(iv) It is particularly useful* in Astronomical and 
Ch(‘irrcal research. 

(v) It is applicable only to cases of homogeneous 

intermixture of effects. 

Characteristic Functions 

The Method of A^U'eeineiit suggests a hypothesis, that 
of Double Agreement strengthens the suggestion ; the 
Method of Difference proves a causal sequence suggested 
by the other methods ; the INIethod of Concomitant 
Variations determines tlie quantitative relation according 
to which phenomena vary, within certain limits ; and the 
Method of Kesidiies, resting on previous inductions, is 
most helpful in furthering research in sciences like 
Astronomy and (’hernistrv. 

The lnducti\e Methods are essentially principles of 
Elimination. 

Characteristic Defects 

(i) The Methods demand neat fonnulac and organisa- 
tion of material, which do not exist in initial stages. 
Tlu‘v do not apply to crude facts which we actually 
encoiudt'r in our expe‘rience. 

(ii) Their demands can hardly if I'ver be literally 
fulfilled. 

(iii) They propose to establish laws of causation, but 
tluanselves assume the invariability of sequence. 

(iv) They are based on false assumptions. 

(v) They can at best suggest hypotheses but are in- 
adequate as methods of Proof. 

(vi) In spite of their strictness, tlicy fail to avoid error 
Intermixture of Effects. — It results from the co- 
operation of agents which bring about a certain effect. 
Intermixture of Effects may be either : — 

(i) Homogeneous, produced by Composition of Causes, 

or 



MILL\S INDXTTIVE METHODS 141) 

(ii) Hotero< 2 :onooiis ‘or Hetoropathic, produced by a 
^Combination of Causes. 

Mechanical IMixtures and (’heinical Compounds 
illustrate the two kinds respectively. 


(^CKSTIONS AND EXCllCISKS. 

1. Discuss tlie inter-relation of Mill's Inductive 
Methods. 

2. How arc‘ tlu' Tnductiv(‘ Methods vi(‘wi'd as Prin- 
ciples of Elimination? 

8. Explain tin' Method of A‘ 4 re(‘ment, and show how 
it differs from Simph' EnunuTation. 

4. What ar(‘ tin* pr(‘-sup))ositions and (EaractcU’istic 
dc'fects of Mill's Method of A.i^naumuit ? What is its utility 
in scituitific discov(‘r\ ? 

5. Examine* Mills vi(‘w that IMurality of (hiuses 
rend(*rs the Mc'thod of A^rc'enn'nt unee'rtain. 

h. Why is the Method of Afj;r<'em('nt of little value, 
as compared with the M(*thod of Difh'renci* ? 

7. Explain why tin* Method of A^reenu'nt rta]uires 
many instances, while tin* Mc'thod of Diffenuice is satisfied 
with one precise experiment. 

8. The Inductive Methods have been called Weapons 
of Elimination. Discuss tin* appropriat{*n(‘ss of the 
description. 

9. How would Inductive Lo^uc proceed to inv(‘stigate 
the influence u[)on character of any one of the following: — 
(a) climate, (h) athletics, (c) an artistic^ prof(*ssion? 

10. What does Mill mean by Cause? How far are his 
Methods adequate for the discovery of causes in his own 
sense of the word? 
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11. Explain precisely the principle of the Method of 
Difference, Qontrasting it with that of the Method of 
Agreement. In what way is it the most superior Method? 

12. Distinguish between Positive and Negative Ins- 
tances. Bring out the importance of the latter in experi- 
mental inquiry. 

13. Bring out the connexion between the Method of 
Difference and that of Concomitant Variations. 

14. What are the characteristic features of the Joint 
Method? How is it related to “ Agreement ”? 

15. State fully and illustrate the Method of Con- 
comitant Variations. What are its special advantages? 
How is it related to the Method of Difference? 

16. Analyse and describe in logical terms the method 
l)y which any important discovery recent years was made. 

17. Distingu’sh carefully between the Method of 
Difference and the Method of Besidues. 

18. Can the Method of llesidues be fairly considered 
inductive in character? 

19. What do you suppose is the main function of the 
Method of Besidues? 

20. Criticise Mill’s Canons of Induction, and state in 
what way they may be amended. 

21. To what uses are the several Inductive Methods 
appropriate? Consider the allegation that the Methods are 
useless, for no discoveries have ever been made by their 
means. 

22 Discuss the main defects of the Inductive Methods. 



CHAPTEE VII 
THE DEDUCTIVE METHOD 

1. Limitations of the Inductive Methods. — We have 
seen how the various Inductive Methods help us in 
establishing generalisations, of varying degrees of 
certainty, and how helpless they prove when we are con- 
fronted with phenomena complex by virtue of a composi- 
tion of causes having produced intermixture of effects. 
Such complex phenomena cannot obviously be investi- 
gated by the method of simple enumeration, which fails 
in dealing with situations in which several causes concur 
in bringing about an effect. Neither can they be investi- 
gated by Mill’s experimental methods,^ which, although 
better instruments than Simple Enumeration, are 
ineffective, because in most cases the circumstances are 
so very complex that it seems altogether impossible to 
create a situation in which we could introduce an agent 
and watch the result. We seldom, if ever, see two cases 
occur which differ in all respects but one. Thus, although 
the Inductive methods have their legitimate function and 
use, they are unable to take us far enough in the explana- 
tion of a phenomenon; and until a phenomenon is 

*‘^When the Experimental Methods have done their 
utmost, there will still remain the task of gathering up the 
various threads which these methods have singly and separ- 
ately laid bare, and this can be done only through Deduction 
or Deductive Synthesis. — Boyce Gibson, op. cit. p. 407. 
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explained it cannot be said to have been scientifically 
investigated ,osince Science aims at explanation. We 
cannot stretch the Inductive methods too far; they l)reak 
down as soon as we attempt to apply them to'tLe exceed- 
ing complexity of phenomena. These Metliotls have 
their limitations, and we must not expect too much out 
of them. 

‘2. The Deductive Method.— If the Inductive 
Methods fail to yield us any knowledge of the conditions 
and laws of very (omplex plienoniena, there is another 
method which comes to our rescue. This method is called 
by Mill the Deductive Method,^ or more correctly, the 
Direct Deductive Method (or the Jdiysi(*al Method) since 
it makes use of Deduction in reasoning from the induc- 
tions of science to their results in other cases; or, by 
Jevons, Combined or Co)}iplcte Method ^ since it combines 
Induction and Deduction and is consequently a complex 
method, 

Tlie Deductive ^Method consists in the alternate use 
ot induction and deduction, its problem being to find the 
law of an effect from the laws of the different tendencies 
of whic'h it is the joint result. We start with the induc- 
tions of a science as our premises, and proceed to deduce 
their results in the case before us and other cases, and 
then verify such results by reference to facts. Thus, the 
Method consists of three stages, viz. : — 

(D Direct Induction : /.c., the inductions already 
established in a science : tlieir truth must be assumed to 
begin with. 

(2) Deduction or Ratiocination : he., consequences 

*“a strengthened Method of Causal Explanation, a 
Method especially devised to deal with the difficulties arising 
from Intermixture of Effects — Gibson, p. 408. 
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are dediiieted by ratiocination from the inductions with 
vvliich we began. • 

(d) Verification : ?.c., these consequences are verified 
by reference to facts of Natyre, through Observation and 
Experiment. 

E('r instance, if we want to explain tlie law A is B, 
we start witli the hypothesis that B is due to then 
calculate its consequences by deduction, and lastly com- 
pare them with P as manifested in experience. If they 
agree, the hypothesis is accepted, otherwise it is rejected. 

The Deductive Method has been usefully employed 
in Astronomy, Physic's, Sociology, Politics and other 
sciences. The law of gravitation, for instance, is 
accepted as an induction established in Physics, and then 
are explained from it deductively the phenomena, such 
as the movement of the ])lanets round the sun, of bodies 
on the surface of the earth, etc. Each of the three stages 
is necessary as an essential part of the method. We 
cannot start unless we know some laws already established 
by a science. We ac'cept them as our starting-point, and 
assuming their trutli we argue as to their consequences, 
and then verify them by observation and experiment. 
Without the last stage of Verification, our Deductive 
Method of Science could not be distinguished from the 
Deductive Method of (leometry, in which if we start 
with definitions, axioms and postidates (which are 
accepted as true) we must have true consequences, and 
no further verification is necessary. 

Mill seems to value this Method very highly, since 
he says : — “ To the Deductive Method thus characterised 
in its three constituent parts, Induction, Eatiocination , 
and Verification, the human mind is indebted for its most 
conspicuous triumphs in the investigation of nature. To 
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it we owe all the theories by whfcli vast and coipnplicated 
phenomena lire embraced under a few simple laws, which, 
considered as the laws of those great phenomena, could 
never have been detected by^ their direct study/' ‘ 

3. Its Application Illustrated. — We shall now 
illustrate the application of the Deductive Method by 
means of examples. For instance, we want to determine 
the cause of strikes. Now, we know the general law 
that whenever Capital exploits Jjabour to a degree which 
does not allow the workman a living wage, dissatisfaction 
is bound to result in a strike, which is the only passive 
weapon in the hands of the OT)pressed and the weak. 
We then follow out tliis principle in its consequences 
and discuss how far a strike can have valid grounds to 
stand upon. Lastly, we observe the actual conditions 
of the strikes we are investigating and see how far they 
support the induction we started with. Suchlike 
problems are, however, very complex, and the study of 
the various conditions in wliich such rdienornena occur 
as well as the causes that lead to them form a very com- 
plicated problem to cause perplexity even to the most 
experienced statesmen and politicians handling them. 

Mill illustrates the application of this method by 
the following example by which he proves the identity 
of gravity with the central force of the solar system : — 
“ First, it is proved from the moon’s motions that 
the earth attracts her with a force varying as the inverse 
square of the distance. This (though partly dependent 
on prior deductions) corresponds to the first or purely 
inductive step, the ascertainment of the law of cause. 
Secondly, from this law, and from the knowledge pre- 
viously obtained of the moon’s mean distance from the 
‘Mill, Bk. III. xi. 3. 
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earth, and of the actuftl amount of her deflection from 
the tangent, it is ascertained with what •rapidity the 
earth's attraction will cause the moon to fall, if she were 
no farther and no more acted upon by extraneous 
forces than terrestrial bodies are. That is the second 
step, the ratiocination. Finally, this calculated velocity 
being compared with the observed velocity with which 
all heavy bodies fall, by mere gravity, towards the surface 
of the earth (sixteen feet in the first second, forty*eight 
in the second, and so forth, in the ratio of the odd 
numbers, 1, 3, 5, etc.), the two quantities are found to 
agree.” ^ 

The rise of water in the pump may also be explained 
by this method. First, we state the inductions already 
established in Physics, viz., (a) that the atmospheric 
pressure on a column of water is 14 lb. to the square 
inch, (6) that liquids exert pressure equally in all direc- 
tions, and (c) that pressure in any direction, if not 
counteracted by an opposite pressure, produces motion. 
Secondly, we calculate the consequences deduced from 
these laws. When the position of the pump is raised 
removing the pressure upon the water within the 
cylinder, the pressure of the air outside forces this water 
to rise up. Thirdly, we verify this computation by direct 
observation. It is found that at the sea-level the atmos- 
phere supports a column of water 32 feet high, and that 
such a column exerts a pressure of 14 lb. to the square 
inch. Thus the computed effect corresponds with the 
phenomenon to be explained. 

4. Sources of Error. — It may sometimes happen 
that the consequences as computed by ratiocination may 
not correspond with the facts observed. This means that 
error has crept in somewhere. If we are sure of having 
Bk. III. xiv. 4. 
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correctly observed the facts, it is evident that the error 
must lie either in the premisses in the first stage, or in 
the ratiocination in the second stage. We then revise 
the process of computation, and if the error still persists, 
we must look upon our premisses with suspicion. 
Carverth Eead^ mentions the following four ways in 
which the premisses of a deductive argument are likely 
to be vitiated : — 

(1) We may not have; accurately ascertained the laws, 
or the modes of operation, of the forces present. 

(2j The circumstances in which the agents are com- 
bined may not hav(‘ been corn'ctly conceived. 

(H) One or more of the agents affecting the result m{iy 
liave betui overlooked and omitted from the estimate. 

(4) We may have included among the data of our 
reasonings agents or circumstanc.es tliat do not exist or do 
not affect the phenomenon in question. 

o. The Inverse Deductive Method. — We have seeji 
that the Direct Deductive Method starts with laws or 
inductions, deduces conclusions from them through 
ratiocination, and then verifies these conclusions by obser- 
vation with facts. But, as Mill says, “ there is a kind 
of sociological inquiries to which, from their prodigious 
complication, the method of direct deduction is altogether 
inapplicable.” The forces that operate in the deter- 
mination of a phenomenon may be too intricate, too com- 
plicated or too numerous to be combined in a direct 
deduction. In such cases we resort to the Inverse 
Method, also called the Historwal Methods Here we 
' vide Logic. (London, 1898) p. 198. 

- So called because it is particularly useful in explaining 
the movements of history and in verifying the results of 
Politics and Sociology. But its use is not necesmrily con- 
fined to such studies. It is also resorted to in Geology, 
Biology, etc. 
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do not start with any, generalisations or inductions but 
with a •consideration of the facts of social^ life and of 
history, which yields us empirical laws of the pheno- 
iiienoii concerned. We then verify these laws, not by 
comparison with further faints, but by deduction from the 
laws of human nature, from the nature of the cause.” 
We must keep clear the distinction betw^een the Direct 
and the Inverse Method. Whereas in the ” method of 
direct deduction ” we compare the results of deduction 
with observed facts, we here begin by provisionally 
formulating empirical laws gathered from facts of obser- 
vation, and then verify these laws by deducing them from 
the principles of human nature.” In other words, 
while in the Direct (” Physical ”) Method, a Deduction 
is verified by comparison with an Induction, in the 
Inverse (” Historical ”) Method, Deduction is called in 
to verify a previous Induction. 

But Carveth Bead objects to the mere order of 
occurrence of the two logical processes of Induction and 
Deduction as constituting the essential distinction 
between the two Methods. ” For,” as he says, ” in 
the first place, in investigations of any complexity both 
Induction and Deduction recur again and again in what- 
ever order may be most convenient ; and in the second 
place the so-called ‘ inverse order ’ is sometimes resorted 

to in Astronomy and Physics The essential difference 

between the Physical and Historical Methods is that, in 
the former, whether Direct or Inverse, the deductive 
process, when complete, amounts to exact demonstration ; 
whereas, in the latter, the deductions consist of qualitative 
reasonings, and the results are indefinite. They 
establish — (i) a priori a merely probable connection 
between the phenomena according to the empirical law ; 



158 INDUCTIVE LOGIC 

(ii) connect this with other historical or social generalisa- 
tions, by sho\ying that they all alike flow from th6 nature 
of races of men under certain social and geographical 
conditions ; and (iii) explain why such empirica? laws may 
fail, according to the differences that prevail among 
races of men and among the conditions under which they 
live.” ' 

The Inverse Method is more indefinite than the 
Direct, both in its inductions and deductions, and 
Carveth Eead rightly characterises it as demanding much 
sagacity and more sincerity, and proposes the precaution 
to make the empirical law as nearly true as possible. 

6. The Hypothetical Method. — The Inverse 
Deductive Method may perhaps be viewed as the most 
concrete form in which Scientific Method can develop 
But even this cannot be taken as the final standpoint, 
since, as Mill tells us, Hypothesis plays a very important 
part in Scientific Method : ” the function of hypotheses 
is one which must be reckoned absolutely indispensable 

in science Without such assumptions, science could 

never have attained its present state... Nearly everything 
which is now theory was once hypothesis.”^ 

The Hypothetical Method is adopted when we are 
not aware of the causes operating in a phenomenon but 
are rather anxious to ascertain them. Although a modi- 
fication of the Deductive Method, it differs from the latter 
in one important aspect. In the Deductive Method, the 
laws which are elaborated through ratiocination are 
proved by experimental methods, while in the Hypothe- 
tical Method, they are not proved but assumed. Thus 
the Hypothetical Method is shorter and simpler than the 
Deductive, and consists of two steps only : (1) Eatiocina- 

> op, cit, p. 200 ff. 

op, cit.y Bk. III. xiv. 6. 
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tion, and (2) Verification. Mill says that the legitimacy 
of this’ method rests only “ on one supposition, namely, 
if the nature of the case be such that the final step, the 
verification, shall amount to and fulfil the conditions of 
a complete induction.'' 

The nature of this Method will become clearer after 
a perusal of the following Chapter on “ Hypothesis.” 
The three methods dealt with here are Methods of 
Explanation, as distinguished from Induction. 


SUMMARY. 

Mill’s Experimental Methods cannot always be 
applied : they are helpless, in particular, while dealing 
with the difficulties arising from Intermixture of Effects. 

In such complicated cases, a more strengthened 
Method of Explanation called the Deductive Method is 
employed. 

It consists of three stages : Induction, Eatiocination 
and Verification. ‘ Given any complex mechanical 
phenomenon, the inquirer considers — (i) what laws 
already ascertained by induction seem likely to apply to 
it, (ii) computes the effect that will follow from these 
laws in circumstances similar to the case before him ; and 
(iii) he verifies his conclusion by comparing it with the 
actual phenomenon.' 

This is known as the Direct Method or the Physical 
Method. 

The Inverse Method, or the Historical Method, is 
used when a phenomenon is too indefinite to be dealt with 
by Direct Deduction. We start by formulating empirical 
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laws on observation, and then verify these inductions by 
means of Dedrction. 

The Hypothetical Method is a modification of the 
Deductive Method and consists of two stages only, viz. 
Eatiocination and Verification. The laws developed 
through ratiocination are not 'proved but assuyned. 


OUKSTIOXS AND KXKIiClSKS. 

1. S(‘t do^v^^ tlu‘ limitations of Mill’s Experimental 
Methods. 

2. When is tlie Deductive Method employed? What 
are its merits? 

3. Name the various stages constituting the Deductive 
Method and show their inter-connexion. 

4. Estimate, after Mill, the value of the Deductive 
Method, and give two examples to show how it is employed. 

5. Distinguisli between the Direct and the Inverse 
Methods of Deduction. 

6. Describe the Hypothetical Method in its relation 
with the Deductive Method. 

7. Prove, or disprove, inductively, or deductively 
that — 

(a) At certain epochs great men occur in groups. 

(b) lievolutions always begin in hunger. 

(c) Government is impossible except by the co-opera 
tion of the people. 

(d) No taxation without representation. 

(e) Empires, like Fine Arts, pass through periods of 
development, culmination and decay. 

(f) Freedom means self-determination. 

8. Explain the Historical Method of sociological 
inquiry. Illustrate your answer. 
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9. Defining Dew to be The spontaneous appearance 
of mois*ture on substances exposed in the ojjen air when no 
rain or visible wet is falling," show how the Deductive 
Method is^to be employed to establish the law of causation 
of the phenomenon from the annexed table of observa- 
tions : — 

Antecedents. Consequents. 

(1) Cold metal or stone ; (1) Deposit of Dew on metal 

Breathing upon. or stone. 

(2) Hot weather ; Glass of (2) Deposit of Dew on glass, 
water drawn from deep 

well ; Exposure to exter- 
nal air. 

(3) Inner surface of walls of (3) Deposit of Dew on the 

dwellings ; Long continu- walls. 

ed frost ; Thaw ; Moisture 
in air. 

(4) Night-time ; Exposed (4) Deposit of Dew on 

surface ; Thcrmometric exposed cold surface, 

cold ; Circulating air ; 

Thermometric heat. 

10. How are causes discovered which are less open to 
observation than the effects? 



CHAPTER VIII. 


HYPOTHESIS. 

1, Meaning and Function of Hypothesis— A Hypo- 
thesis is a supposition made in order to explain facts 
scientifically. It is our attempt at explanation. As 
scientific investigators we must start with facts, and also 
end with facts. We start with such known facts as can 
suggest a provisional supposition, which is developed 
further into its consequences. The truth of these conse- 
quences is again put to test. If they stand verification, 
the supposition is accepted as a working hypothesis for 
still further tests. If they do not, it is rejected in favour 
of another supposition, which too is similarly treated. A 
provisional hypothesis need not necessarily be abandoned, 
if it fails in its verification by observation and experiment : 
it might sometimes have only to be modified. Even a 
false hypothesis proves of some use in marking the lines 
of suggestion to be avoided.^ In fact, each hypothesis, 
though rejected, tends to furnish us with a better clue to 
explanation. 

Mill defines a Hypothesis as any supposition which 
we make (either without actual evidence, or on evidence 
avowedly insufficient) in order to endeavour to deduce 

* It is said, for instance, that Kepler conceived an 
1 ejected nineteen hypotheses before hitting on a valid one, 
which would explain the laws of planetory motion. 
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from it conclusions in accordance with fftcts which art' 
known to be real.*’^ 

We are obviously concerned here with a scientific 
hypothesis alone. A hypothesis, in order to be scientific, 
must lead us towards explanation of facts, and must in 
itself be verifiable. It must help us in widening the range 
of our knowledge, rather than in making a clearer state- 
ment of what we already know. Hypothesis is mainly a 
weapon of discovery. Logic can hardly pretend to lay 
down any rules for making a scientific hypothesis. 
Much depends on one’s insight and natural gift, with 
which to lay hold on Nature’s clues. This is the field in 
which the genius and originality of a scientist can help 
him more than anything else. To a scientifically trained 
mind facts themselves easily suggest the lines of their 
explanation. Newton, for instance, took a hint from the 
falling apple, which led him on tq the discovery of Gravita- 
tion. Hypotheses are suggested by Analogy, Enumera- 
tive Induction and the ordinary classifications and 
generalisations embodied in language. 

The chief test of a scientific hypothesis is that it must 
be verifiable. 2 “ Scientific hypotheses,” says Joseph, 

” consist for the most part not in the mere coupling in 
the mind, as cause and effect, of two insulated phenomena 
(if the epithet may be allowed) : but in the weaving of a 
large number of phenomena into a coherent system by 
means of principles that fit the facts.” ^ 

2. Development of Hypothesis.— A Hypothesis 
admits of various degrees of probability, and cannot be 
accepted as valid unless it has passed through several 

^op. cit.y Bk. III. xiv. 4. 

* “ But to be verifiable it must be adequately develop- 
able.’^ Gilason, op. cit., p. 328. 

Joseph, op. city p. 433, 



164 


INDUCTIVE LOGIC 


RtagCB oi‘ cx{3f.‘riinent. We begin with a protisional 
hypothesis, a mere supposition suggested by our know- 
ledge of facts under investigation. ]f this hypothesis 
marks, it passes oi to a higlier staae of probability and 
l)ecomes a icorKiaig li\pothesis. More than one of such 
iiypotheses migfit sometimes suggest themselves to be 
equally true. Helcfition is then to be made, with appeal 
to facts, as to which can ultimately help us in our explana- 
tion. A working hypothesis when established becomes 
a Icgiiitnate hypothesis. At this stage it is regarded as a 
scientific hypotliesis. “ 'J’o w'ork well, a hyjiothesis must 
be both resourceful anti fruitful. To be resourceful, it 
must be rooted directly (or indirectly through the medium 
of a general working idea) in a reasoned system or science. 
To be fruitful, it must be capable of continually extend- 
ing its sphere of verification, and of bringing more and 
more facts under scientific control.” ^ A working 
hypothesis, in order to establish itself as legitimate, has 
to be verified by means of the experimental methods, and 
in particular the Method of Difference. It has also to 
prove itself as the only tenable hypothesis. 

A convenient distinction is sometimes made between 
a hypothesis of Law and a hypothesis of Cause. The 
former seeks to give us a sort of quantitative expression 
of facts, a clear description of their exach character, 
telling us how they stand in a series of other phenomena 
and in what manner they happen ; while the latter 
furnishes us with a qualitative expression of facts, by 
which we obtain an insight into their causes, and are told 
not simply how they happen but why they happen as they 
do. The former is also known as a descriptive hypothesis 

Gibson, op, cit,, p. 328. 
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It has its own use in'so far as it enables us to find out a 
coherent system to which the facts belong, which in 
itself may afford us a further clue as to their final 
explanatibn. A hypotheses of Cause is also known as an 
explanatory hypothesis. 

3. Conditions of Valid Hypothesis,— A legitimate 
hypothesis must fulfil the following conditions ’ 

(1) It must be suggested by a preliminary survey of 
facts, and must, therefore, have its object a real cause, a 

vcra causa.' Any hypothesis which is not suggested 
by facts under observation but is an imaginative construc- 
tion, though helpful to a degree, cannot be Jtccepted as a 
scientific hypothesis. The scientist should Scrupulously 
keep out his own personal equation from the inquiry, 
and try to he a faithful photographer of pheni^mena, not 
projecting his own preconceived notions into ^hem. A 
spirit of impartiality in all observations and verifications 
is a sine qua non of the success which may attend in tlie 
working of a hypothesis. Claude Bernard rightly 
observed : “On entering the laboratory leave your 

imagination with your overcoat in the vestibule, but take 
it with you again on your departure.”'^ This is, andeed, 
a very sound advice to all students of science. 

(2) It must be verifiable, i.e., it must be capable of 
proof or disproof. We must not, for instance, assume 
the cause of a phenomenon that cannot be verified in 
nature, because of its supernatural or imaginary character. 
It must be capable of becoming an object of our exp^eri- 
ence, and definite enough to be proved or disproved in our 

* Coffey, op cit , vol. II., pp. 148 ff. Joyce, op cit p 359 

^A vera causa is a real cause, a cause independently 

known to exist. 

* Claude Bernard, Introduction d V etude de la. mldecihe 
experimental p. 44, quoted also by Coffey, op, cit, vol. II. 
p. 149. 
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experimental j^iquiry relating to facts. Carveth Bead 
points out the same truth thus : “ If a new agent be 

proposed, it is desirable that we should be able directly 
to observe it, or at least to obtain some evidence of its 
existence of a different kind from the very facts which 
it has been invented to explain.' 

Then, again, a hypothesis cannot be accepted as 
scientific mdess it can adequately explain the facts in 
(luestion, i.e., can account for all the phenomena which 
it attempts to explain. A partial explanation is no better 
than an attemj)t to explain away facts, but the truth is 
that a fact can never be ‘ explained away.’ 

Again, in order that a scientific hypothesis be 
verifiable, it must be self-consistent, and must not con- 
llict with other pre-established truths. If it is true, it 
must necessarily be self-consistent, since truth knows of 
no contradiction. Thus, a scientific hypothesis must be 
free from any internal contradiction. At the same time, 
it must not clash with other extablished laws, as other- 
wise it will have no place in the system to which all truths 
belong. We must, however, be on our guard as to where 
there is any real contradiction. Sometimes it so happens 
that only a superficial conflict with certain truths is 
revealed, which is capable of elimination by a mere re- 
stjitement or re-interpretation of those truths or laws from 
different stand-points. 

(3) It must stand as the only hypothesis, excluding 
all other hypotheses, to explain a fact or a group of facts. 
Until this requirement is also fulfilled, we cannot be said 
to have formed a legitimate hypothesis. There might be 
proposed a number of rival theories, but a further test 
must eliminate all and prove one alone to be capable of 
* Carveth Bead, op, cit,, p. 270. 
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adequately explaining* all the phenomena which it is 
proposed to explain. ^ 

(4) Exceptio probat regiilam. — In testing the truth 
of a legitimate hypothesis ^exception. 9 are of great value, 
^riiey do not by themselves prove the rule but test it. 
When, after the appjication of a working hypothesis, a 
general law is enunciated as based on a, group of observed 
facts, objections might be urged against the validity of such 
hypothesis in the shape of pointing out cases not covered 
by the hypothesis, or those that arc apparently exceptions 
to it. But “ every objection is shown to imply some in- 
attention to the conditions of the hypothesis, and in each 
case it may be said, exceptio prohat reguhDu — the excep- 
tion tests the rule. That is to say it appears on examina- 
tion (1) that the alleged exception is not really one, and 
(2) that it stands in such relation to the rule as to confirm 
it.''^ Strictly speaking, there is no room for exceptions 
in scientific explanation. Either the exceptions prove to 
be superficial, and thus only confirm the truth of the rule, 
or they are discovered to belong to another system, 
wherein they cease to be exceptions. A scientific law 
must be applicable universally and have no exception, in 
the sense of a contradiction. 

5. Crucial Instance. — We have observed that a 
scientific hypothesis must be the only hypothesis to 
account for a phenomenon. Now, when rival hypotheses 
are forthcoming, we have to decide as to which of them 
would prove legitimate. This is done by means of a 
Crucial Instance, one that could only be explained on only 
one of such hypotheses, and which, therefore, decides the 
point at issue. A crucial instance serves as a sign-post 

‘ On the subject of the sources of Hypotheses, vir/e 
supra under Analogy and Enumerative Induction. 

Oarveth Bead, op. cit, p. 274. 
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to point out the direction of Truth* If it is arrived at by 
experiment, if is called a Crucial Experiment/ The 
function of a crucial instance is to enable us to finally 
reject one hypothesis and accent one and only one as valid 
‘ One single circumstance, which admits of one explana 
tion only, is more decisive than a hundred others which 
agree in all points with one’s own hypothesis, but are 
equally well explained on an opposite hypothesis.”^ 

Tlie term was first employed by Bacon to denote an 
instance which absolutely excludes one alternative, thus 
establishing the other. The metaphor is taken from the 
cross-posts, which stand at the meeting-point of two 
roads, pointing the way to be taken. 

When a hypothesis has been established by a crucial 
instance, what reason is there to suppose that no other 
aliernative will yet clash with it? Can we ever be certain 
of having excluded all possible alternatives? That \\v 
can never be, in the strictest sense." But if we be 
fortunate enough to find crucial instances whenever there 
is any clash of alternatives, we may rest assured that we 
have arrived at that degree of probability, which is as 
;,cud as certainty, so long as our hypothesis is found to be 
the only possible one. In this part of our inquiry logic 
cannot lay down any rules, except the general directions 
for adequate observation and experiment. The fact is 
that Science is not a completed circle of facts but is daily 
growing in its scope and contents, so that all our hypo- 
theses are ultimately provisional, and they are legitimate 
only so long as they work. The Ptolemaic and Copernican 
hypotheses are an instance in point. 

^Uberweg, Logic (Eng. Trans.), p. 513. 

^cf. ** It is always possible that some future investi- 
gator, going over the same ground, will be able to show that 
the information given by the experiment (crucial) “ was 
ambiguous.’’ A. Sidgwick, op. cit., p. 142. 
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6., Hypothesis* non flngo/^— This was the 

expiession used by Newton in protest agahist hypotheses 
and means “ I do not imagine liypotheses.’' This con- 
demnation can rightly be^urged against all hypotheses 
that are arrived at very hastily, and are neither adequate 
nor definite. They usually suggest themselves to minds 
not trained in scientific thinking. When there is no 
analogy to guide us in the choice of hypotheses, or when 
we do not take the trouble of finding such an 
analogy, we often frame illegitimate hypotheses. 
Such might with reason be condemned by using 
the expression “ hypothesis non fingo,” but that is no 
reason why all hypotheses as such should be condemned. 
There is no progress in science without the aid of hypo- 
theses. We have to grope in the dark for a long time 
before we hit at the thing we require. Carveth Bead 
rightly emphasises the fact that “ Hypotheses are 
essential aids to discovery : speaking generally, deliberate 
investigation depends wholly upon the use of them.” 
J^jven Newton himself worked with the aid of hypotheses 
in discovering the Law of Gravitation. But, of course, 
unscientific and gratuitous^ hypotheses should always be 
rejected. 

7, Hypothesis : Theory : Pact. — Hypothesis is 
usually distinguished tvom Theory by saying that while 
the former is always more or less tentative, the latter is 
a higher stage of explanation, no longer open to question. 
That is to say, a hypothesis well established becomes a 

‘Carveth Read, op. clt., p. 280. 

•A gratuitous hypothesis is the assumption of an 
unknown cause, when the phenomenon is capable of being 
explained by the operation of known causes, or the introduc- 
tion of an extraneous (though it may be known) cause, when 
the phenomenon is capable of being accounted for by the 
causes already known to be in operation (Fowler). 
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Theory. We speak of the theory of gravitation,, not of 
the hypothesis of gravitation, although ultimately all 
theories are hypotheses. Again, those wlio do not accept 
a certain theory generally , prefer to speak of it as a 
hypothesis rather than a theory. This applies for in- 
stance to Evolution, Electron, Creation, etc. 

A theory whose truth is established is accepted as a 
fact. The term fact is generally confined to the objects 
of our experience, objects whose reality can be grasped 
by our senses or by the mind. Some people narrow dow'ii 
its meaning to objects that can be perceived by the senses 
alone, but this is more or less arbitrary. 


SUMMARY. 

Hypothesis is a supposition by which we attempt an 
explanation of facts. A scientific hypothesis must be 
verifiable. 

We may s[)eak of staffes in the development of a 
hypothesis. We start with a Provisional hypothesis, 
which becomes a Working hypothesis, if it works. If it 
is established by the test of verification, it is accepted as 
Legitimate or Scientific hypothesis. 

A hypothesis of Law is only a descriptive hypothesis, 
while that of Cause is an explanatory hypothesis. 

A scientific hypothesis (1) must be suggested by a 
preliminary survey of facts, (2) must be verifiable, Lc., 
capable of proof or disproof, and (3) must be the only 
hypothesis, excluding all others. 

A Crucial Experiment is one that suggests a Crucial 
Instance, like a finger-post at cross-roads, pointing the 
way. A Crucial Instance is an instance which absolutely 
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excludes one alternati,ve, thereby establishing the other, 
when there are rival hypotheses suggestec^ 

Newton’s dictum “ Hypothesis non fingo ” cannot 
be accepted as a condemnation of hypotheses as such, 
since scientific hypotheses are essential means to dis- 
covery. It could only apply to had hypotheses and 
hasty generalisations. 

A hypothesis, when well-established, becomes a 
theory; and a theory when accepted is treated as a fact. 


QUESTIONS AND EXERCISES 

1. What is the function of hypothesis? Is everv 
supposition in science a hypotliesis? 

2. Explain the meaning of hypothesis as a conscious 
process of scientific investigation. Show that a rejected 
Iiypothesis need not necessarily prove fruitless. 

3. Illustrate the use of hypothesis in scientific 
explanation. 

4. State the conditions to which a legitimate hypo- 
thesis must conform. 

5. Distinguish between a ivorhincj and an established 
hypothesis. Give easy examples. 

6. Describe the various kinds of hypothesis distin- 
guished by logicians, and compare them with one another. 

7. Explain and criticise: — (a) “ Men are now cured 
of their passion for Hypotheses,’' (b) ** Hypothesis non 
fingo. ” 

8. Explain the role of analogy in suggesting and verify- 
ing hypotheses. 

9. Taking the “ evolution,” or any other proposed 
Iiypothesis, how should one proceed (a) to show whether it 
satisfies the conditions of a legitimate hypothesis sufficiently 
to entitle it to investigation, and (b) to test it with a view 
tQ its acceptance or rejection as a truth of science? 



CHAPTEE IX. 


EXPLANAJION. 

1. Nature of Explanation.— Explanation marks the 
goal of scientific inquiry. Tfiterally, the word means the 
making plain or clear, so that there shall be nothing 
uneven or ob.scure to interrupt our view. Explanation 
[)resuppoaoa something to be explained, i.e., a state of 
prior obscurity or perplexity, the degree of which depends 
on our educational level and the state of our mental 
development and partly on the progress of knowledge as 
a whole. Eor instance, the phenomena of Thunder- 
storm, Volcanic Eruptions, Earthquakes, etc., were very 
much more obscure during the beginning of the last 
century than they are now, as the world’s knowledge has 
considerably increased since then. They might even 
to-day be obscurities to those minds that are not con- 
versant with the general principles of science, especially 
of Physics. Explanation seeks to answer the “ why ” 
so deeply rooted in the human mind. Even children are 
always curious to know rohy a certain phenomenon is as 
it is. They ask so many questions about things around 
them, and that is Nature’s way of educating them to 
begin with. 

A fact is explained when we point out its cause. 
This may be done either by showing it to follow from the 
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application of a ’law or by pointing out its relations to 
other facts constituting the same universe. A law ” 
again suggests a “ why ” of its own, demanding further 
explanation, and it is said to be explained when we show 
its connexion with certaki other already known laws, 
from wliich it can be deduced. This explanation of laws 
takes place in one of the three ways, of which we shall 
speak below. 

2. Popular and Scientific Explanation.— We ma> 

first distinguish the popular notion of Explanation from 
the scientific view, since we are concerned with the latter 
only. The principle is the same in both, viz., generalisa- 
tion.^ In popular explanation it is considered sufficient 
if particular facts to be explained can be related to others 
known previously. More often, we confine our attention 
10 the explanation of facts rather than of laws. Bain 
observes : “ There is a special and everyday form of 

explanation that consists in assigning the agency in a 
[)articular occurrence ; as when we ask — what stops the 
way? Who wrote Junius? Who discovered gun- 
powder? These questions belong to our practical wants 
and urgencies, but the answer does not involve the 
process of scientific explanation. If, however, we proceed 
from the ‘ who ’ or ‘ what ’ to the ‘ why" : — why does 
A’s cai-riage stop the way? Why did the author of Junius 
write so bitterly ?— there is an opening for the higher 
scientific process.”' In the popular view, therefore, 
facts are explained when they cease to remain isolated 
but are brought into relation with others, already known, 
or, at any rate, better known. 

1 Generalisation is the discovery of resemblance amid 
differences, the detection of the universal in the particular, 
See below, sect. 5. 

Bain, Logic (Induction), p. 116. 
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In scientific explanation, onr treatment of relating 
particular facts to more general or feetter known facts or 
laws is as full afnd precise as possible, and the laws under 
which facts or less general laws are placed are supposed 
to be the widest possible, preferably the laws of nature. 

The popular mind is usually satisfied when we 
substitute one mystery for another to be explained. For 
scientific purposes, however, we must trace that mystery 
as far back as we possibly can. On this subject we had 
better quote a well-known paragraph from Mill. He 
writes : — 

“ The word explanation is here used in its philoso- 
phical sense. What is called explaining one law of 
nature by another is but substituting one mystery for 
another ; and does nothing to render the general course 
of nature other than mysterious. We can no more assign 
a why for the more extensive laws than for the partial 
ones. The explanation may substitute a mystery which 
has became familiar, and has grown to seem not mysteri- 
ous, for one which is still strange. And this is the 
meaning of explanation in common parlance. But the 
process with which we are concerned often does the very 
contrary ; it resolves a phenomenon with which we are 
familiar into one of which we previously knew little or 
nothing ; as when the common fact of the fall of heavy 
bodies was resolved into the tendency of all particles of 
matter towards one other. It must be kept constantly in 
view, therefore, that in science, those who speak of 
explaining any phenomenon mean (or should mean) 
pointing out not some more familiar, but merely some 
more general phenomenon, of which it is a partial 
exemplification ; or some laws of causation which produce 
it by their joint or successive action, and from which, 
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therefore, its conditions may be determined deductively. 
Every such operation brings us a step Nearer towards 
answering the question which was started in a previous 
chapter as comprehending the whole problem of the 
investigation of nature, viz., what are the fewest assump- 
tions, which being granted, the order of nature as it exists 
would be the result? What are the fewest general pro- 
positions from which all the uniformities existing in 
nature could be deduced?” ‘ 

Popular explanation does not give us the ‘ why ’ or 
the ‘ wherefore ’ of a fact. That is only possible in 
scientific explanation, which refers to principles and 
laws, priora in se, through not more familiar to us. 
There is, of course, a limit to such references. The 
ultimate ” why ” of things cannot be answered by 
science. It remains a mystery to furnish materials for 
the philosopher’s cogitations. 

3. Forms of Scientific Explanation. — There are 
three modes of scientific explanation, which are oppro- 
priately named Analysis, Concatenation, and Subsump- 
tion. ^ 

(i) Analysis : the passing from fact to law. The 
analysis of a phenomenon into the separate 
laws of its causes constitutes the first mode of 
scientific explanation. Thus, for instance, to 
explain why thunder follows lightening we 
have to analyse it into (1) the discharge of 
electricity in the air (2) distance of the 
observer from the event, and (3) the law that 
light travels faster than sound. Similarly, in 
explaining why iron floats in mercury we have 

^Mill, op. cit., III. xii. 6. 

*vide Carveth Read, Logic, 1914, pp. 302-305. 
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to resolve it into (1) t*he laws of flpating 
bodfes (2) the law of density (3) the law of 
specific gravity. 

(ii) Concatenation : “ thp discovery of steps of 
causation between a cause and its remote 
effects ; the interpolation and concatenation of 
causes.” This is the second mode. Here we 
detect an intermediate link of causation 
between what was first supposed to be the 
cause and what was supposed to be its effect. 
We show that such supposed cause was really 
the remote cause, the cause of the cause. 
For instance, we say in India ” good monsoon, 
good harvest.” Good harvest is the result of 
several factors which are mainly brought 
about in their turn by a good monsoon. 

(iii) Subsumption : the placing of several laws 
under one more general expression. This is 
the third mode of scientific explanation. For 
instance, the laws of the expansion of solids 
liquids and gases, by heat, are resolved into 
the general law of the expansion of bodies by 
heat. 

In all these forms of explanation, facts and laws are 
harmonised : a less general law is referred to a more 
general law. Partial laws are unified under more 
universal laws, and this goes on till we discover the most 
(jeneral laics. 

4. Limits of Explanation. — If the line of scientific 
explanation moves on towards the subsumption of partial 
laws under more general ones, the question is where it 
is going to end. Are there any limits to this process? 
This question is asked by Mill, after he has distinguished 
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deriv(}tive laws (those that can be resolved into more 
general ones) and ultimate laws (those that cannot be 
thus resolved) and has observed : “ We are not sure 

that any of the uniformities with which we are acquaint- 
ed are ultimate laws ; but we know that there must be 
ultimate laws ; and that every resolution of a derivative 
law into more general laws, brings us nearer to them.*’^ 
The question is, shall we be satisfied if we discover 
those ultimate laws, or must they be further resolved into 
some one universal law? 

We explain the particular with reference to the 
universal. But when we arrive at certain final unifor- 
mities of nature, the widest generalisations of induction, 
are we to stop there and treat them as self-explanatory or 
try to explain them in turn by reference to a still wider 
uniformity, if any? The only evidence of their truth, 
it is urged, lies in the facts of experience, since they do 
not strike us as self-evident truths in the sense in whicli 
for instance, the axioms of geometry are. We cannot 
rationally account for the organisation of our experience 
without such ultimate uniformities. Hence these laws 
are ultimately nothing more than postulates. They 
possess for us a kind of hypothetical truth, since without 
their assumption we cannot explain our experience.^’ 
Scientific explanation is i)owerless to go beyond these 
ultimate laws. Philosophy alone does away with all such 
“ hypothetical ” truths. 

The phenomena of nature are only particular cases 
of the Laws of Nature. For instance, it is erroneous to 
iMill, op. cit., III. xiv. 1. 

2cf. The belief that there are Laws of Nature, in the 
plural, is the scientific assumption par excellence, and their 
discovery is the unceasing concern of science.’' Schiller, 
op. cit., p. 313. 

M 
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speak of the laws of falling bodies as having been due to 
the law of gravitation. The former less general laws are 
not the effects but only cases of the more general law 
of gravitation. They pre-snpp(?se a number of permanent 
causes, which, as Mill says, “ have subsisted ever since 
the human race has been in existence, and for an 
indefinite and probably an enormous length of time 
previous. The sun, the earth, and planets, with their 
various constituents, air, water, and other distinguishable 
substances, whether simple or compound, of which 
nature is made up, are such Permanent Causes... But we 
can give no account of the origin of the Permanent 
Causes themselves. Why these particular natural agents 
existed originally and no others, or why they are com- 
mingled in such and such proportions, and distributed in 
such and such a manner throughout space, is a question 
we cannot answer.”^ Neither do we expect Mill or the 
methods of science to answer this question, which, 
however, is the most fundamental question of Meta- 
physics. 

Scientific explanation swings between the two 
extremes of the most particular and the most general. 
The following mark the limits of scientific explanation : — 

(1) Fundamental states of consciousness are their 
own explanation and cannot be explained further. For 
instance, our feelings of colour, smell, etc., are ultimate 
and unique : they cannot be resolved into any simpler 
states, hence they cannot be explained. 

(‘2) Certain ultimate principles cannot be explained, 
e.g,, the atom, matter, inertia, gravity, energy, etc. 

(3) Individual peculiarities of particular objects too 
cannot be explained. 

^Mill, op, cit.j III. v. 8. 
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5. Generalisation. — In our attempt to understand 
the meaning of any fact or plienome^ion we always 
proceed by viewing it in relation to the whole or the 
system tp which it belongs, since our experiential world 
is a world of relations. • There are no isolated facts at 
all. They may appear so, as long as we do not under- 
stand them. All our explanation involves generalisation, 
which means, in other words, that it is an attempt to 
bring the particular in relation to the more general. 
When we refer Co fact to a law, i.e.y when we connect it 
with similar other facts, all forming instances of one and 
the same law, we are already generalising.^ Such law 
may further be explained by a wider law, and all such 
process of thought which studies the particular in the 
light of the universal is called generalisation. In this 
process we have to compare facts with others j)reviously 
known, find out their similarities and dissimilarities by 
abstraction, and thus proceed to the subsumption of facts 
under concepts. But this process is open to two special 
risks, which are mentioned by Venn : — 

(i) The difficulty of clearly detecting the common 
quality in a number of given instances of a 
certain class, and 

(ii) Even if the quality is detected, the instances in 
which it is recognised may never have been 
classed together . 2 

>So far it is only an empirical generalisation, needing 
further explanation. It is more descriptive than explanatory, 
but all the same a necessary stage towards the final establish- 
ment of truth, explanation. An empirical law is only 
a law of sequence and co-existence and must not be relied 
on beyond the range of the facts considered by it. It must 
always be gained by direct observation. It points to the 
need of a further systematisation. 

2 Venn, The Principles of Empirical or Inductive LogiCy 
p. 347, cf. Gibson, op, cit,y p. 340, 
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6. Classification. — The second* difficulty mentioned 
by Venn in thei prneess of generalisation leads iis to 
consider the meaning of Scientific Classification. When 
the quality common to a number of instances is detected, 

r- 

or is obvious by itself, the function of Classification is 
to bring all such instances together under one class- 
concept, Classification is to be distinguished from 
Definition in so far as the former is concerned with 
generalising concepts under concepts and the latter with 
generalising facts under concepts. Thus, we see tliat 
Definition and Classification mark the road towards 
Explanation. Classification cannot, however, go beyond 
arranging facts for us in separate bundles, as it were, 
labelling them with class-names on the basis of common 
affinity. By pointing out similarities and differences it 
lielps in suggesting the directions to be followed for 
arriving at scientific explanat’on. “ Tn classifying, we 
describe what is; in explaining, what must be, and why 
it must be.”j 

7. Natural and Artificial Classification. — Can there 
be natural classification? Are there classes in Nature? 
The ancient view of the immutability of species and the 
rigidity of classes is now abandoned. Tt is believed that 
nature is one vast organism, in which all facts or pheno- 
mena are interconnected, and the various species 
constantly grow into higher and higher types, or 
degenerate into lower forms ; in fact, there are no distinct 
watertight compartments in nature. This is very true, 
indeed ; but it should by no means make the process of 
classification and definition impossible. It is enough if 
we keep this truth in mind while treating classes and 

' Jlobhouse, Theory of Knowledge^ p. 473. 
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concepts for purpost*s of scientific explanation. ^ We 
may, therefore, lay down the following Conditions which 
a Natural Classification must fulfil : — - 

(i> It should enable us to make the greatest number 
of general assertions about the class. 

(ii) It should enable ua to infer of any other member 
of a class a great part of what we knew about 
any one. 

(iii) It should point out the greatest similarity in 
the members of a group, and the least affinity to 
members of other groups. 

A classification is called Artificial, when it is based on 
a single attribute or extremely limited number of 
attributes. Such classification is usually resorted to for 
pur[)ose of ready references or other facilities. For in- 
stance, books in a library are arranged according to sizi? 
or subject or language for easy access. Any one common 
attribute may be selected for artificial classification ; the 

'cf. the following paragraph from Cairnes, Logical 
Method of Political Economy, p. 139, quoted by Mellone in 
his Introductory Text-Book of Logic, 1905, p. 142 : — To 
admit of degrees is the character of all natural facts ; there 
are no hard lines in nature. Between the animal and the 
vegetable kingdoms, for example, where is the line to be 
drawn ? I reply that T do not believe that there is any 
absolute distinction whatever. External objects and events 
shade off into one another by imperceptible differences ; It 
is, therefore, no valid objection to a classification, nor, con- 
sequently, to the definition founded upon it, that instances 
may be found which fall, or seem to fall, on our lines of 
demarcation. This is inevitable in the nature of things. 
But, this notwithstanding, the classification, and therefore 
the definition, is a good one if in those instances which do 
not fall on the line, the distinctions marked by the definition 
are such as it is important to mark, such that the recognition 
of them will help the inquirer forward towards the 
desiderated goal’^ 

‘^vide Mellone, ihid, See also Joyce, op. cit,, p. 39L 
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selection depends on the purpose in view. Different 
individuals guidttd by their different interests, may classify 
the same objects into different groups. Dor instance, a 
group of pictures will be classified by an artist according 
to the various schools of form a’hd colour, by a historian 
according to the time of their production, by a dealer 
according to their value, and so on. 

In science we sometimes group together classes in a 
series, as will help us in the discovery of their aflGnities 
For instance, we study natural history as Botany, 
Zoology, Minerology, etc. This is called Classification 
hy series. The object of such classification is, in the 
words of Mill, to “ arrange those kinds in a series, 
according to the degree in which they exhibit it, beginning 
with those that exhibit most of it, and terminating with 
those that exhibit least.”’ 

ft. Scientific Method. — Scientific Method is n 
systematic manner of carrying on the search for truth.’ 
By long training and experience, students of scientific 
investigation are able to mark out lines on which we 
should proceed with a view to the discovery of explanation 
of facts. There is, of course, method in every art and 
organisation. Its application gives us skill and power. 
But we are now concerned only with strictly scientific 
method. There are two fundamental ways in which our 
mind works in its endeavour after the attainment of 
scientific knowledge : Analysis and Synthesis. When we 
start with particular facts and events, study them in their 
mutual relations, classify them into groups, generalise 
facts into laws, etc., we are following the Analytic 
method. On the other hand, when we start with uni- 
versal laws and trace them out to their consequences, 


’Jklill, op. cit.^ IV. viii, 1. 
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pass from the cause to the effect, fronj the law to the 
particular facts, from essence to property, we follow tha 
Synthetic method. Both these methods are most 
commonly used in science and philosophy. Science, 
however, has a wider scope for the application of the 
analytic method, and all our modern discoveries are 
mainly arrived at by this method. In Mathematics, 
however, we start with general principles, and proceei 
synthetically. The two methods may best be regarded as 
mutually supplementing each other. When we start 
with facts and proceed to universal principles, it is always 
suggested that such principles may again be verified and 
demonstrated by reference to a wider range of facts. 
This, therefore, combines the analytical and the synthetic 
methods. 

Scientific Method not only familiarises us with the 
two systems of Analysis and Synthesis, but is of a further 
help to us in pointing out a few fundamental rules to guide 
us in the disposition and arrangement of our materials 
and argument. Obviously no hard and fast rules can be 
of much utility, since there are endless ways in which 
things may arrange themselves, and common sense may 
be our best guide all through. But, none the less, 
scientific training is of material help to common sense. 
The Eules of Method, therefore, perform a useful 
function. 

Newton lays down the following “ rules of philoso- 
phising '' in his Principia : — 

Eule I. “No more causes of natural things are to 
be admitted than such as are both true and sufficient to 
explain the phenomena of those things.” 

Eulr it. “ And therefore natural effects of the 
same kind are to be referred as far as possible to the same 
causes.” 
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Kule 111. Those qualities of bodies that can 
neither be increased nor diminished in intensity, and 
which are found to belong to all bodies within the reach 
of our experiments, are to be regarded as belonging to all 
bodies whatever.” 

Bulk IV. ” In experimental philosophy, proposi- 
tions collected by Induction from phenomena are to be 
regarded as exactly true or as very nearly true, notwith- 
standing any contrary hypotheses, until other phenomena 
occur, by which they are made more accurate or are 
rendered subject to exceptions.” 

This is a statement of what Newton considered to be 
the true method to be followed in Natural Philosophy. 
A more general statement of the Pules of Method, which 
could be applied to all Idiilosophy is given by Descartes in 
his Discourse on Method : — 

1. N(ivor to «‘iccept anything as true which we do not 
known to be such. 

II. To divide each of our difficulties into as many parts 
as possible (analysis.) 

III. To proceed from the simi)le to the complex. 

IV. To make our enumerations complete. 

These are not meant to be concrete rules, but only 
general directions for philosophical thinking, which, 
according to Descartes, must always be clear and distinct 
on order to be true.^ 

9. Nomenclature and Terminology. — It is easy 
enough to think, through images, of particular facts or 
individuals. Put when we are thinking of general 
notions, laws and principles, we require something more 

* Aldrichs Logic gives the following Rules : — (1) Nothing 
should be wanting or redundant (2) The separate parts 
should agree with each other (3) Nothing should be treated, 
save what is suitable to the subject or purpose (4) The 
separate parts should be connected by suitable transitions. 
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than images. We* require symbols to convey our ideas 
about tilings or their properties. Clearness of our thought 
rests a great deal on clearless of language. Precise 
expression is very useful and necessary aid to precise 
thought. Much harm has, for instance, been done in 
Pliilosophv by a confusion er misuse of expression. 

What we, therefore, require is : — 

1. A Nomenclature, or “ system of names of all 
classes of objects, adapted to the use of each science.”^ 
These names must not be too fluid ; they must easily and 
efficiently express the definite class of objects of which 
they are designed to be a symbol. Some sciences, like 
Chemistry, Music, Mathematics, etc., have their own 
special nomenclature. 

•2. A Terminology, “ to describe and define the 
things that constitute the classes designated by tlie 
nomenclature, and to describe and explain their action.” 
iihid). This presupposes that there should be a distinct 
name for every distinct part of an object ; a name for 
every quality of an object, and for its degrees and modes; 
and a name for every separate process in nature. A 
careful use of terminology goes a long way in contributing 
to the clearness of our thought and expression. 


SUMMARY. 

A fact is explained when we place it under a more 
general law, and a law is explained by being subsumed 
under a still more extensive uniformity. Explanation 
answers the ‘ why * of a thing by tracing its cause. It 
is the goal of all scientific investigation. 

^Carveth Bead, op. cit.^ pp. 348-351. 
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Three modes of scientific explanation : — 

(i) Analysis : passing from fact to law. 

(ii) Concatenation : the discovery of the steps of 
causation between a cause and its remote effects. 

i) 

(iii) Subsumption : tlie placing of several laws under 
one more general expression. 

In our explanation, we cannot go beyond the 
Ultimate Laws of Nature, whose truth we have to accept 
hypothetically in reference to the facts of experience. 
The phenomena of nature are only particular cases of the 
Laws of Nature, not their effects. 

The ultimate principles of nature, the fundamental 
states of our consciousness, and the individual peculiarities 
of particular objects, cannot be explained. 

Generalisation is the process of viewing a fact in 
relation to the whole or the system to which it belongs, 
^rruths are established through empirical generalisations. 
Generalisation involves Abstraction and Comparison. 

Classification brings together a number of instances 
under one group on the basis of one or common attributes. 
.1 rtificial classification is generally based on the affinity as 
to a single attribute (selected for a definite purpose , 
while Natural classification is ! ased on the greatest 
number of similar attributes in the members of a group. 
We must, however, bear in mind tnat there are no 
distinct and immutable species in Nature. 

Scientific Method is a systematic manner of carrying 
on the search for truth . Its two main aspects are : - 
Analysis, proceeding from particular facts to their laws, 
from the concrete to the abstract, from the particular to 
the more general, from properties to their essence, from 
effect to cause ; Synthesis, proceeding from laws to their 
application, from the abstract to the concrete, from the 
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universal to the particular, from essence to properties, 
from cause to effect. 

De^icartes’ four Eules of Method : — 

1. Never accept aifythiiig as true unless known to 

be such. , 

2. Divide each difficulty into many parts. 

3. Proceed from the simple to the complex. 

4. Make enumerations complete. 

For clear thinking we also require (i) a Nomenclature, 
or a system of names, and (ii) a Terminology to define the 
exact meanings of the things forming classes designated 
by the nomenclature. 


QUESTIONS AND EXEUCISES. 

1. What is meant by “ Explanation ” in Science? 
Give also the popular meaning. 

2. What is the object of Explanation? Describe and 
illustrate its principal forms. 

3. ‘ The object of science is explanation/' 

‘ ‘ Science never explains : she only reduces complex 
events to simple ones of the same kind, as when she deals 
with certain phenomena of magnetism by supposing every 
ultimate unit of the substance to act as if it were a magnet. ” 

Consider these statements. 

4. Indicate the meaning of the term ‘ law ’ as 
employed in natural science. Distinguish between empirical 
laws, laws of nature, and ultimate laws. 

“ A truly universal law is not a demonstrable truth.” 
Discuss. 

5. Discuss the three modes of scientific explanation, 
and set down the limits of explanation. 

6. What is the function of Generalisation in Induc- 
tion? 
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7. Explain^ the nature and use of Classification, the 
means to, and tests of, its successful performance. 

8. Discuss tlie value of Natural Classification as a 

scientific method. ^ 

9. Distinguish between the aims of Classification and 
Logical Division. 

10. What is meant by Scientific Method? Distinguisli 
between Analysis and Synthesis as scientific methods. 

11. Examine the methodological relations between 
Definition. Classification and Nomenclature. 



CHAPTER X. 

FALLACIES. 

1. Meaning of Fallacy. — The term “ Fallacy ” has 
been used in a wider as well as a narrower sense. In its 
widest sense it implies ‘ any erroneous judgment or 
belief/ and as error conforms to no law and its possi- 
bilities are countless, any systematic treatment of fallacies 
in this sense is obviously impossible.^ More strictly, 
however, the term is applied to ‘ any error due to the 
violation of a logical principle.’ All errors cannot, of 
course, be called fallacies, but only such as possess a 
semblance of validity, while violating some logical 
principle. 

Fallacy must be distinguished from Paralogism, 
Sophism and I^aradox. Kant distinguished Paralogism 
a.nd Sophism on a purely psychological basis, and has 
been followed by several others after him.^ He defined 
Paralogism as a fallacy deceiving the person who 
employs it ; and Sophism , which deceives the person to 
whom it is addressed. Carveth Read says: “A 
Fallacy is any failure to fulfil the conditions of proof. 

^cf. the author’s Elements of Deductive Logic^ Calcutta, 
1918, pp. 347 If. 

But a distinction based on purely psychological grounds 
has no value in Traditional Logic. 
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If we neglect oij, mistake the conditions of proof uninten- 
tionally, whether in our private meditations or in 
addressing others, it is a Paralogism ; but if we endeavour 
to pass off upon others evidencfe or argument which we 
know or suspect to be unsoupd, it is a Sophism,”* De 
Morgan takes Paralogjsm ” to specify an offence against 
the formal rules of inference,” but in this sense it is apt 
to be easily confounded with Fallacy. The term 
Sophism ” has been used, since Aristotle, to signify 
dialectic traps laid intentionally to deceive the opponent. 

Fallacy may also be distinguished from Paradox, 
which, as De Morgan observes, ” is properly something 
which is contrary to general opitiion; but it is frequently 
used to signify something self-contradictory. The more 
precise writers of our day use the word paradox for an 
opinion so very singular and improbable, that the holder 
of it is chargeable with an undue bias in favour of singu- 
larity or improbability for its own sake.” " 

2. Classification of Fallacies.— We have mentioned 
elsewhere some of the ways in which Fallacies have been 
classified, and have discussed them very briefly after 
Aristotle’s scheme. We give below the outlines of some 
of the principal schemes of their classification. 

Aristotle divides fallacies into two groups, viz.y 
fallacies ” in dictione,'' i.e,, those due to the ambiguous 
use of language; and fallacies “ extra dictionem, i.e., 
those which spring from a source other than the ambigu- 
ous use of language, and which can only be detected by 
an examination of the matter dealt with. The first 
group comprises six kinds of fallacies, and the second 
comprises seven ; thus — 

‘op. cit.y (1914 ed.), p. 385. 

2De Morgan, Formal Logicy p. 338, also quoted by Welton, 
Manual of LogiCy vol. 11. p. 229. 
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A. Sophismata’ in dictione : — 

(1) Equivocatio: Equivocation: due' to ambiguity in 
a single term. 

(2) ^j.mphibolia: Amphiboly or Amphibology: due to 

ambiguity in the •construction of a sentence. 

(3) Compositio : Composition : due to taking together 
what ought to be kept separate. 

(4) Divisio : Division : due to separating wliat ought 
to be kept together. 

(5) Accentns : Accent: due to ambiguity of accent or 
emphasis 

(6) Figiira Dictionis : Figure of Speech : due to ambi- 
guity from the metaphorical use of words. 

B. Sophismata extra dictionem : — 

(1) Aeddens: Accident: due to equating subject with 
attribute. 

(2) a dicta 8ccundu7)i. quid ad dictum simpliciter: duo 
to confusing a statement made with some limitation 
with one made absolutely. 

(3) Ignoratio elenchi : liefuting the wrong point, or 
mistaking the point in debate. 

(4) Petitio prmcipii: Begging the question : assuming 
in some form or other the proposition to be proved. 

(5) Non causa pro causa: Deducing a conclusion from 

an irrelevant premiss. 

(6) Consequens : Consequent : assuming that a hypo- 
thetical proposition is always and necessarily 
reciprocal. • 

(7) Plures interrogationes : Many questions : putting 
a question in such a form that a single answer 
involves more than one admission. 

Whately gives us the following scheme : — 

A. Logical Fallacies, “ where the conclusion does 
not follow from the premisses,’* including : — 

(1) Purely Logical, whose mere form exhibits their 
fallaciousness^ 
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(2) Semi -logical, viz., “ all the 'cases of ambiguous 
middle ^cerm except its non-distribution.” 

13. Material (3r Non-logical Fallacies, “ where the 
conclusion does follow from thg premisses,” including 
Ignoratio elenchi, and Petitio principii, the latter includ- 
ing Non cans a pro causa. 

Mill gives us the following classification of 
Fallacies : — 

A. Fallacies of Simple Inspection : d priori 
assumption of propositions without proof. 

B. Fallacies of Inference : — 

(1) Inductive: 

(a) Fallacies of Observation: “ of which the error lies 
in not sufficiently ascertaining the facts on which 
the theory is grounded; whether the cause of 
failure be mal-observation, or simple non-observa- 
tion, and whether the mal-observation be direct, 

by means of intermediate marks which do not 
prove what they arc supposed to prove.” (Mill, 
V. ii. 2.) 

(b) Fallacies of Generalisation: arising from miscon- 
ception of ” the legitimate mode of drawing 
conclusions from observation and experiment.” 
(Mill, V. v. 1.) 

(2) Deductive: or, Fallacies of Eatiocination : arising 
from a violation of the formal rules of inference. 

(3) Fallacies of Confusion, ” in which the source of 
error is not so much a false estimate of the pro- 
bative force of known evidence, as an indistinct, 
indefinite, and fluctuating conception of what the 
evidence is ” (Mill, V, vii. 1.) 

Welton has classified fallacies according to the logical 
principle violated, and has set down the following scheme,^ 
which we consider very clear and simple : — 

'cf. Welton, Manual, (1896), Vol. II. p. 235 ff. 



FALLACIES 


198 


A. Fallacies incidt^nt to Conception. 

1. Faulty (or imperfectly conceived) Definition. 

(a) Embracing incompatible attributes. 

(b) ‘ Aristotle’s Equivocatio. 

(c) ,, Figura Dktionis. 

(d) ,, Secuyidupi Quid. 

(e) ,, Com posit io and DivirAo. 

2. Faulty Division. 

(a) Change of fundameutnm dicisio7iis 

(b) Non-exhaustive division. 

(c) Omission of steps in division. 

B. Fallacies incident to Judgment. 

1. Judgment involving se^f-contradiction. 

2. Misinterpretation of categorical j^ropositions. 

(a) Aristotle’s ArnpluboUa. 

(b) ,, Accent us. 

3. Misinterpretation of })\ [)otheiical propositioiH. 

4. ,, ,, disjunctive 

C. Fallacies incident to Immediate Inference. 

1. False Opposition, including Aristotle’s Plure 

interrogationes. 

2. Illicit Conversion. 

(a) Of an A or O proposition. 

(b) Aristotle’s Accidens. 

(c) ,, Consequens. 

8. Illicit Contraposition. 

4. Illicit Inversion. 

D. Fallacies incident to Deductive Inference. 

1. Abstract. 

(a) Undistributed Middle. 

(b) Illicit Process of the Major. 

(c) Illicit Process of the Minor. 

2. Concrete.— Four Terms — including (a) the use of 
a proposition involving any of the fallacies under 

A., 1, (b), (c), (d), (e), and B, 2. 

N 
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E. Fallacies incident to Inductive Inference. 

1. False Analogy, leading to wrong hypothesis. 

2. Imperfect Observation. 

8. Illicit Generalisation. 

F. Fallacies incident to Method. 

1. Taking as axioms propositions which are not self- 
evident. 

2. Aristotle’s Petitio principii. 

?•. ,, Ignoratio elenchi. 

4. ,, Non causa pro causa. 

3. Imperfect Observation. — We are not concerned 
here with fallacies in general, but with those incident to 
Induction alone. We shall, therefore, discuss Imperfect 
Observation, Illicit Generalisation, False Analogy, and 
also tho.'-f incident to Method. 

We have already spoken of the difficulties in the way 
of a thoroughly accurate observation, and have also 
referred tc the conditions which a perfect and scientific 
observation must fulfil. We have now to point out the 
chief errors to which observation is liable. Mill says : 
“ A fallac} of mis-observation may be either negative or 
positive ; either Non-observation or Mal-observation. It 
is non-observation when all the error consists in over- 
looking or neglecting facts or particulars which ought to 
have been observed. It is mal-observation when 
something is not simply unseen, but seen wrong ; when 
the fact or phenomenon, instead of being recognised for 
what it is in reality, is mistaken for something else. ^ 

Fallacy of Non-observation : It arises when we over- 
look something that ought to have been observed. When 
we are investigating a phenomenon we sometimes over- 
look instances which are pertinent to our subject. This 
is mainly to be accounted for by our bias. We are 

^Milli op, cit,f V. iv, I. 
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naturally inclined to pass over instancefj that go against 
our theories and emphasise those that go to further 
strengthen them. For instance, in the case of a friend 
we very often overlook mch instances of his conduct as 
go against the opinion we have previously formed of him, 
while in the case of one towards whom we are not well 
disposed we exaggerate his faults and shortcomings and 
interpret even his good actions as bad. A father 
cannot form a very correct op-nion of his son’s character, 
since he sees only one side of it, and is naturally disposed 
to view some of the evil actions more leniently than 
others. 

In science, the fallacy of Non-observation commonly 
arises when we take account of positive instances and 
neglect the negative. Instances both of the presence and 
absence of the phenomenon under investigation must be 
considered. We spoke of it above while treating of the 
Methods of Induction. “ The most extreme case of non- 
observation,” says Welton, ” is the invalid inference 
that because a phenomenon has never been observed it is 
necessarily non-existent.”* Non-observation is no proof 
of non-existence, unless the existence of a phenomenon 
necessarily involves its observation. Observation, being 
a selective process and involving implicit inference and 
depending upon previous knowledge, is highly complicat- 
ed, and the danger of non-observation of instances or 
some operative conditions or circumstances attending 
upon or constituting a phenomenon is obvious. In 
sociology, politics, economics, etc., the subject-matter 
being very complex, there is always a great scope for this 
fallacy. The statistical method is sometimes used to 
determine the increase or decrease of a certain physical 

* Welton, Manual, Vol. II. p. 263. 
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malady or mental disposition, but there is always a 
tendency to overlook some of the conditions, other than 
those pre-conceived, that may have operated in bringing 
about the phenomenon. For instance, a decrease in the 
number of convictions for drunkenness does not 
necessarily mean a decrease in the number of public- 
houses or of criminality itself, since such decrease may 
be due to other causes, such as special legislation, special 
vigilant measures adopted by the Municipality, the 
Police, or to the Temperance propaganda. 

Fallacy of Mal-ohservation : The term means 
misinterpretation of the things of sense. The fallacy 
arises from a wrong observation of the instances pertinent 
to a subject. “ The rustic who takes a tombstone 
brightened by the rays of* the moon for a 
ghost, or who interprets a donkv^y’s bray as the voice of 
a departed ancestor commits the fallacy of Mal- 
observation. Illusions in general furnish a further 
example of Mal-observation. Looking at a tree from 
some distance, I mistake a cluster of leaves for fruits ; or 
entering a dark room, I mistake a piece of rope for a 
snake. Such instances could easily be multiplied. 
Some common instances are given by Herschel : “If 
we plunge our hands, one into ice-cold water, and the 
other into water as hot as can be borne, and after letting 
them stay awhile, suddenly transfer them both to a 
vessel full of water at blood-heat, the one will feel a 
sensaticn of heat, the other of cold. And if we cross the 
two fir^.t fingers of one hand, and place a pea in the fork 
between them, moving and rolling it about on a table, we 
shall (especially if we close our eyes) be fully persuaded 
we have two peas.“^ Logic cannot help us much against 
* Herschel, Natural Philosophy, Sec. 72. cf. Welton, 
Manual, Vol. II. p. 266. 
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such fallacies ; it can at best warn against their 
existence. This part of the subject, connected as it is 
with Illusion or mister-interpretation of sense-date, 
belongs to Psychology. ^ 

4. False Analogy. — Analogy suggests a hypothesis ; 
consequently, false analogy will lead to a false hypo- 
thesis. This error chiefly arises when superficial likenesa 
between two things is mistaken for essential resemblance. 
Sometimes an analogy does exist, but its force is wrongly 
estimated, and the inference based on it is taken to be 
more probable than it really is. This happens when the 
points of resemblance have been exaggerated to the 
detriment of the points of difference. When, however, 
no analogy actually exists, but we only assume its 
existence, the result will be an utterly wrong hypothesis, 
calculated to vitiate the whole scientific inquiry. We 
need not repeat here what we said above on the use of 
metaphorical language being a frequent source of false 
analogy. Analogy must also never be taken as strict 
proof.' 

5. Illicit Generalisation. — All inductive fallacies 
involve illicit generalisation, since all induction involves 
generalisation. This is a most common form of fallacy. 
We generally argue about a whole class, when we mean 
only “ some or “ most.** We are disposed to be hasty 
in generalising from only a few observed cases, and 
assuming an assertion to hold good universally. When 
an exception is brought to our notice, we simply ignore 
it by saying that a rule may have exceptions. As De 
Morgan aptly puts it : “A rule may have exceptions, it 
is said ; but this is hardly a correct statement. A rule 
with exceptions is no rule, unless the exceptions be 

'See ch. III. supra. 
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definite and det^erminable : in which case the exceptions 
are exclusions by another rule.”^ 

Again, this fallacy arises when we treat onr empirical 
generalisations — which sliould ^,lever claim more than a 
high degree of probability — as universal laws. An 
empirical generalisation is based only on a partial 
analysis of our subject; hence, if it is treated as a law, 
its function is clearly misused. The subject of an inquiry 
must be analysed in its entirety before we can arrive at 
any universal law about its nature or behaviour. Again, 
when we study social and political phenomena, we can 
at best study only one or the other striking feature. But 
this gives us only an empirical generalisation, which has 
no right to be extended to other features or conditions 
not examined by us. If we do s&, we have another case 
of Illicit Generalisation. A complete analysis of all 
conditions, positive as well as negative, is necessary to 
guard against tliis fallacy. 

6. Undue Assumption of Axioms. — Now we proceed 
to a very brief consideration of fallacies incident to 
Method, and the first is that of Undue Assumption of 
Axioms. We know that all proof ultimately rests on self- 
^op. cit., p. 279. cf. In our day nothing is more 
common than to hear and read assertions made in all the 
form, and intended to have all the power, of universals, of 
which nothing can be said except that most of the cases are 
true. If a contradiction be asserted and proved by an 
instance, the answer is ^ Oh ! that is an extreme case.^ But 
uie assertion had been made of all cases. It turns out that 
it was meant only for ordinary cases ; why it was not so 
stated must be referred to one of three causes : a mind which 
wants the habit of precision which formal logic has a tendency 
to foster, a desire to give more strength to a conclusion than 
honestly belongs to it, or a fallacy intended to have its 
chance of reception. The application of the extreme case is 
very often the only test by which an ambiguous assumption 
can be dealt with 'k (ibid,, p. 270.) 
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evident truths called axioms or first principles. Axioms 
cannot be demonstrated, we can only convince ourselves 
of their truth by our own intuition. li' is very difficult 
to deterniine which truths can be cailed axioms and 
which not, si]ice soine truths may be self-evident to some 
and not to others. Thus some people will go on rejecting 
axioms unduly as not self-evident. But, at the same 
time, there is also a tendency of accepting hastily certain 
truths as axiomatic which on further consideration have 
to be rejected. This tendency is more common than the 
opposite one, and a false assumption of axioms is largely 
due to a confusion as to the relation of thought and reality. 
This is, however, a question that leads us into 
Metaphysics. 

7. Petitio Principii. — This is also known as 
‘ Begging the Question,’ and is committed when we 
assume the truth of that which we want to prove : in 
other words, when we take for granted the very proposi- 
tion in dispute. This, according to Aristotle, is done in 
five dilferent ways : (1) by assuming the very proposition 
to be proved, (2) by assuming a universal which involves 
it as a particular case, (3) by assuming a particular in- 
volved in it, when the conclusion is universal, (4) by 
assuming the proposition part by part, and (5) by 
assuming another proposition which necessarily implies 
the one to be proved. 

A common example of this fallacy is to be found in 
the hypothetical adoption of a faTe line of argument, 
leading to reductio ad absurdum. We assume the con- 
clusion to be proved, and starting with this as our 
premiss proceed to show that all other suppositions are 
thereby made absurd. Euclid too adopts this method in 
his Geometry. But he assumes what he wants to 
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disprove^ and shows that his assumption makes other 
propositions absurd or conflicts with self-evident truths. 
Such indirect proof possesses its own utility, but it always 
falls short of the validity of a direct proof. 

Two sub-forms of this fallacy may be noted, (1) the 
hysteron proteron, and (2) the cir cuius in demonstrando. 
The former is the case when the fallacy of petitio 
principii is committed in a single step of inference, e.g, 

‘ A heated body expands, because the molecules move 
away from each other.’ The fallacy sometimes lurks in 
the use of synonyms, e.g., ‘ opium induces sleep, because 
it has a soporific quality.’ Sometimes the use of a single 
question-begging epithet gives rise to this fallacy, e.g,, a 
new measure is called an innovation to prove that it ought 
to be opposed and rejected. 

When, however, more than a single step separates 
the assumption of the conclusion as a premiss from its 
statement as a conclusion, the fallacy is called circulus in 
demons trayidOj circulus vitiosus, or arguing in a circle. 
As a typical example, we quote Whately : “ Some 

mechanicians attempt to prove, (what they ought to lay 
down as a probable but doubtful hypothesis), that every 
particle of matter gravitates equally. Why? Because 
those bodies which contain more particles ever gravitate 
more strongly, i.e., are heavier. But (it may be argued) 
those which are heaviest are not always more bulky. 
No, but still they contain more particles, though more 
closely condensed. How do you know that? Because 
they are heavier. How does that prove it? Because all 
particles of matter gravitating equally, that mass which 
is specifically the heavier must needs have more of them 
in the same space. 

» Whately, Logic, p. 25 ; also quoted by Welton, Manual, 
Vol. II. p. 282. 
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8. Ignoratio El^nchi. — This is the fallacy of proving 
the wrong conclusion - When, instead* of proving the 
exact contradictory of our opponent’s thesis, we prove 
something else which is mistaken for it, we commit this 
fallacy. This is the Aristotelian sense - of the term, but 
at present it is used in a more modernised sense to include 
all arguments which are ‘ beside the point,’ which ‘ prove 
the wrong conclusion ’ and which ‘ miss the point at 
issue.’ By itself the argument may be perfectly valid, 
but inasmuch as it evades the point at issue it is fallaci- 
ous. For instance, we commit- this fallacy when we say 
that the study of the classics or fine arts is useless because 
it serves no practical purposes, since such study may be 
defended on other grounds. It is not a complete answer 
to the thesis that such study is useful. 

Zeno’s famous paradox of Achilles and the Tortoise 
is a classical example of this fallacy. Achilles and a 
tortoise run a race. Achilles runs ten times quicker than 
the tortoise, consequently accepts a handicap of 100 
yards. Now, it is stated that Achilles will never overtake 
the tortoise ; for when the tortoise has run 10 yards, 
Achilles will still be 10 yards behind him, when these 10 
yards are caught up, he will be 1 yard behind. When 
this one yard is caught, he will still be 1/10 of a yard 
behind the tortoise, and when this 1/10 yard too is caught 
up, 1/100 of a yard will still separate the two, and so on 

fallacy of surreptitious conclusion, the mistaking 
or obscuring of the proposition really at issue, whilst proving 
something else instead Carveth Kead, op. cit.^ p. 398. 

*“ The ‘ elenchus ' was the technical name given to the 
final syllogism, in which the contrary or contradictory of the 
opponent's thesis was shown to be true and the thesis there- 
by disproved. Hence Igvoratio Eleiichi is literally the 
ignorance of the syllogism required for ‘ clinching ' a point in 
this special way.'' Gibson, op. cit , p. 291. 
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to infinity. Hence, it is proved tha*t Achilles will never 
overtake the tortoise. 

Aristotle criticises this argument by bringing out the 
fact that it involves a confusion of infinite length with 
infinite divisibility of length. The tortoise has the 
advantage of 100 yards. Achilles must cover this space 
before actually overtaking the tortoise. The argument 
aims to establish that this space is an infinite magnitude, 
hence it can never be completely covered by Achilles. 
But instead of proving that this space is infinite, it only 
proves that it is divisible ad infinitum. Thus it fails to 
prove the point at issue, and therein lies the fallacy of 
Ignoratio Elenchi, 

This fallacy is also committed when, instead of 
proving or disproving the whole proposition, we prove or 
disprove only a part, and emphasise that to the exclusion 
of the remaining part. The part selected is generally 
that which appears as the principal weak point in the 
adversary’s argument. 

Again, when we use an illustration intending thereby 
to make some difficult point easier, it generally happens 
that a wrong point, not intended to be connected with 
the illustration, is taken by the reader to be the meaning 
intended by the person using the illustration. Unless 
the point of analogy is clearly made out by the user of 
the illustration, and distinctly understood by the reader, 
the use of illustrations creates the fallacy of ignoratio 
elenchi. 

One frequently comes across various examples of this 
fallacy in the law courts, where counsels usually resort to 
this mode of argument when they are called upon to 
support a weak case. If there is no case, they sometimes 
begin to abuse the plaintiff’s attorney or enter into all 
sorts of details and arguments which are entirely 
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irrelevant to the point at issue. Political debates, news- 
paper controversies, theological ancl philosophical 
discussions, are the usual field for the employment of 
such fatlacious arguments. 

The following are some of the minor forms of this 
fallacy : — 

1. The argumentum ad halcum. — This is only 
an appeal to physical force. When people have no case at 
all and are convinced of the futility of reasoning out the 
point at issue, they sometimes appeal to physical force. 

2. The argumentum ad ignorantiam. — This is an 
argument employed by the speaker who trusts to the 
ignorance of his hearers for the acceptance of his own 
statements. 

3. The argumentum ad populum, — This is an 
“ appeal to the gallery,” not an appeal to reason. The 
mob-orator usually appeals to the feelings, prejudices 
and passions of the crowd instead of relevantly reasoning 
out the point under discussion. 

4. The argumentum ad verecundiam, — An appeal 
to the people’s veneration for authority, or to the dignity 
of those who hold the opinion. 

5. The argumentum ad misericordiam, — An appeal 
to the people’s sense of pity ; i.e., instead of proving the 
innocence of a person we try to show that he deserves 
pity. In murder cases, for instance, the defence counsel 
usually employs it when he cannot prove the defendant 
” not guilty.” 

6. The' argumentum ad hominem, or ” iu quoque ” 
argument. — In which a reference is made to the previous 
history of a man to shew that he could not consistently 
hold certain views. Not only the charge of inconsistency, 
but recrimination and personal abuse are also sometimes 
resorted to. If, however, the persona! character of a 
party is relevant to the truth of its statements, this 
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fallacy is not committed, and the counsel can have full 
liberty in impeaching its veracity by a reference to the 
personal character. 

9. Non Causa Pro Causa. — ^This fallacy, also' known 
as “ False Cause ” consists in assuming without sufficient 
proof that one thing is the ca«ise of another. It usually 
occurs in cases of the reductio ad impossible , or indirect 
proof. In this mode of proof we endeavour to show that 
the statement of our opponent leads to an absurd con- 
clusion. We either disprove a statement by showing 
that its assumption would lead to an absurd conclusion, 
or prove it by showing that the assumption of its falsity 
would lead to absurdities. When these absurdities do 
not follow from the statement actually made but from 
some other irrelevant proposition put into the argument, 
we commit the fallacy of non cauha pro causa. For the 
same reason this fallacy is also called by Aristotle non 
per hoc^ non propter hoc, i.e., “ your conclusion is 
absurd, not because of your assumption about my thesis, 
but quite independently of it.*’ 

This fallacy includes, according to Aristotle, all cases 
in which a conclusion is drawn from irrelevant premisses; 
in other words cases of Non Sequitur} In the Aristo- 
telian sense, this fallacy was peculiarly applicable to 
dialectical disputations ; and in modern times it occurs 
under another form known as post hoc, ergo propter hoc. 
Instead of establishing a real connexion between the 
cause and effect of a phenomenon, we mistake for a cause 
something which is not really so. This generally results 
from our shirking the long intellectual process necessary 

^ That is, “ arguments so foolish and inconsequent that 
they cannot even be said to simulate cogency ; these cannot 
be positively characterised, but must be lumped together by 
the mere negative mark of inconclusiveness.^’ Joseph, op. 
cit., p. 529. 
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to establish a true relation of cause and effect. We 
hastily assume that events which happen together in our 
experience a number of times are causally connected. 
Professor Creighton rightly traces this fallacy to “ a 
particular form of mental sluggishness.” ” Two events 
occur in close conjunction \/ith each other, and it is then 
assumed without further investigation that they are 
related to each other as cause and effect. Many popular 
superstitions are examples of this fallacy. Some project 
begun on Friday turns out disastrously, and it is inferred 
that some causal relation existed between the fate of the 
enterprise and the day on which it was begun. Or 
thirteen persons sit down to dinner together, and some 
one dies before the year is out.”^ Thus the fallacy of 
post hoc, propter hoc arises when we confound sequence 
or coexistence in time with causality. 


SUMMARY. 

A Fallacy is an error violating a logical principle and 
possessing a semblance of validity. 

Several schemes of classification of fallacies have 
been proposed. For Aristotle’s, Mill’s, Welton’s, etc., 
(see above). 

The principal fallacies incident to Inductive Infer- 
ence are Imperfect Observation (Non-observation and 
Mal-observation), Illicit Generalisation and False 
Analogy ; and those incident to Method are — Undue 
Assumption of Axioms, Petitio Principii, Ignoratio 
Elenchi, and Non Causa pro Causa. 

U. E. Creighton, Introductory Logic, (Macmillan), 
1909, p. 310. 
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Non-observation. — Overlooking facts or operating 
conditions wliicli ought to have been observed. Due 
mainly to bias or prejudice. 

Mal-observation. — Observing, wrongly. Illusions 
furnish a common example. Sense-data are misin- 
terpreted. 

False Analogy. — Mistaking superficial or partial 
resemblance for essential likeness. Use of illustration a 
common source of this fallacy. It leads to false 
hypothesis. 

Illicit Generalisation. — Generalising for a class when 
we really mean “ some,” and treating empirical generali- 
sations as universal laws. 

Unlue Assumption of Axioms.— Hastily accepting 
certain truths as self-evident, when they are not 
actually so. 

Petitio Principii. — Begging the question : taking for 
granted the very proposition to be proved. (Note its 
five forms, supra), 

Ignoratio Elenchi. — Proving the wrong conclusion ; 
mistaking or obscuring the proposition really at issue, 
and proving something else. 

Non Causa pro Causa. — Assuming without sulBcient 
proof that one thing is the cause of another. More 
common form ” Post hoc, ergo propter hoc,” the mis- 
taking of temporal sequence or coexistence for 
causality. 


QUESTIONS AND EXERCISES. 

1. Distinguish between error and fallacy. Bring out 
the meaning of sophism, paralogism, paradox. 

2. Describe the classifications of Fallacies by Aristotle, 
Mill and Welton, respectively. Give any other classifica- 
tion, of your own, if possible. 
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3. Name the fallacies incident to Induction, and give 

examples to illustrate them. ^ 

4. Illustrate the various forms of the fallacy of Petitio 
principii, and Ignoratio clenchi, 

5. What fallacies are to be avoided in observation, 
generalisation, and analogy? 

6. Examine logically the following arguments, point- 
ing out the fallacies, as the case may be: — 

(a) “ If it be said that there is an evil in change as 
change, I answer that there is also an evil in discontent as 
discontent. ” 

(b) “I speak not from mere theory. There exist at 
this moment practical illustrations of my assertions.'' 

(c) An adverse decision, my lords, will seriously pre- 
judice the political prospects of my client. I beg you 
therefore to weigh well a decision which, if unfavourable, 
will spell disaster for an honourable man. 

(d) Who can deny that this measure will ameliorate the 
lot of our fellow-citizens when we reflect that it will raise 
the standard of comfort in every home. 

(e) “ lie has spoken of that noble person and of his 
intellect in terms which, were I disposed to retort, I might 
say show the bon. gentleman to be possessed of an intellect 
which would justify me in passing over in silence anything 
that comes from such a man." 

(f) No man can witness the daily misery and oppression 
of the poor in our land without being stirred to redress their 
wrongs. I need say no more. That will be suflieient for 
all enlightened men to support this reform which has no 
other aim than to relieve their distress. (Welton). 
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